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SUMMARY 


A basic automated substructure analysis capability for NASTRAN is 
presented which eliminates most of the logistical data handling and generation 
chores that are currently associated with the method. Rigid formats are pro- 
posed which will accomplish this using three new modules, all of which can be 
added to Level 16 with a relatively small effort. 


INTRODUCTION 


Prior to Level 15, no real substructure analysis capability existed in any 
NASA released version of the NASTRAN program. With the pre-release of Levels 8 
and 11, users began expressing the desirability and necessity for a substructure 
analysis capability. Several user organizations attempted, with limited success, 
to accomplish substructure analysis by using the checkpoint/restart capability 
of NASTRAN coupled with the direct matrix abstraction (DMAP) approach. Other 
organizations utilized user-developed utility modules and Rigid Format DMAP alter 
packages, thus taking advantage of the Rigid Formats whenever possible. 

The latter method with an expansion of user options was adapted by NASA 
for inclusion in Level 15 and is fully described in Section 4,3 of the Theoreti- 
cal Manual (reference 1) and Section 1.10 of the User's Manual (reference 2). 

The casual user may well be quite frustrated with this method since its generality 
requires the user to design a specific approach for the problem at hand. This 
involves externally generated partitioning vectors as well as DMAP alter packets 
which are often unfamiliar to the engineer user. In addition, little assistance 
Is provided In the form of qualitative verification of the hand-generated cou- 
pling data or of the resulting coupled matrices. The probability of undetected 
user-generated errors in this process is therefore rather high. Furthermore, 
the user must develop customized DMAP packages for any problem that does not 
match the currently published substructure alter packages. 


PRECEDING PAGE 


BLANK not filmed 


323 



The currently available Level 15 technique was intended as a general but 
preliminary capability. The upgrading of this capability with user conveniences 
and qualitative data checks has been requested by many. As NASTRAN's sub- 
structure analysis capabilities arc improved, serious users will explore many 
different approaches. Several techniques and utility module designs developed 
by necessity will be discussed for use with Levels 15 and 16. Along these 
lines, several aids are suggested herein. Some take advantage of existing 
code and capability while others indicate the need for additional user-developed 
utility modules as well as modifications to several existing modules. The 
techniques discussed are intended for the casual engineer user and are there- 
fore used somewhat more rigidly than might normally be expected with utility 
modules. It is hoped, however, that the concepts described will stimulate other 
serious user teams to develop structurally-oriented and utility modules to ease 
the difficulties encountered in carrying out an effective substructure analysis. 

All new and modified routines and modules are based on the Level 16 
version of NASTRAN currently undergoing validation. Many of the techniques 
described are valid for Level 15, however, and can be installed in that level 
with slightly more difficulty since many Level 16 features will also have to 
be installed. It should be possible for a reasonably competent experienced 
team to install the capability described with a nominal effort. 
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SYMBOLS 

Stiffness matrix 
Load vector matrix 
Displacement vector matrix 
Transformation matrix 
Mass matrix 


Free (unconstrained) set 
Analysis (boundary) set 
Omitted (Interior) set 
All degrees of freedom set 
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Superscripts: 


T 

Transpose operator 

-1 

Inverse operator 

i 

Substructure index 

0 

Related only to the omitted (inte» 

Other Symbols: 

- 

Pre-reduction portion of a matrix 

[ ] 

Matri x 

{ } 

Matrix of vectors 

A 

Related to pseudomodel. 


Symbols u^earing in the appendices are defined in the appropriate 
appendix as necessary. 


OBJECTIVE AND SCOPE 



A sample substructure analysis model is shown in figure 1. The grid 
points on the top surface of this model which are to be coupled are identified 
by letters. Substructure analysis implicitly assumes that each substructure is 
analyzed separately and subsequently combined with other previously analyzed 
substructures to form a pseudostructure as shown in figure 2. Once the pseudo- 
structure is solved, the detailed solutions for each of the substructures may 
be obtained by a set of data recovery runs. The objective of the techniques and 
new capability to be presented herein is to define a basic substructure analysis 
capability which will require a minimum amount ot user-generated data and 
logistics. 

With this objective in mind, the scope will be limited to providinq a 
basic capability; therefore, many desired features will be omitted In order to 
focus attention on the fundamentally important capabilities. In the discussion 
that follows, the lin.*tat1ons that result from this restricted scope will be 
Identified. It should be kept In mind that most, if not all, of these limita- 
tions can be removed by additions to the basic capability once it is implemented. 
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DISCUSSION 


The theory, utilization and programming aspects of NASTRAN's substructure 
analysis capabilities are discussed in references 1-3. Necessary and desirable 
features of any substructure analysis capability have been given by man> , in- 
cluding papers presented at the first Users' Colloquium (references 4 and 5). 
For ease of reference, the basic theory is given in the following section as an 
aid to the interested reader. 

The difficulty in carrying out a substructure analysis with NASTRAN lies 
in the logistical procedures rather than with any inherent deficiency with 
NASTRAN itself. This logistic problem is illustrated in fiqures 2 and 3 where 
the number of runs and retainable data files is seen to be large. The data 
requirements for substructure analysis in Levels 15 and 16 and for the capa- 
bility described in this paper, which we shall designate Level 16.X, are 
tabulated in table 1. 

The major disadvantages to the current (Level 15) substructure analysis 
capability of NASTRAN are: 

1. The user must generate partitioning vectors 

2. A DMAP alter packet appropriate to the problem being run 
must be created. 


These disadvantages can be overcome relatively easily if a few modest restric- 
tions are imposed. This will be illustrated for the two most commonly used 
rigid formats. Static Analysis and Normal Modes Analysis which, when upgraded 
as described herein, will not require the generation of an alter packet to run. 

The restrictions that will be imposed are listed in table 2 and are 
summarized here. 

1. Only one (1) level of substructure analysis is supported, 
consisting of a maximum of twenty (20) substructures. 

2. The degrees of freedom at coupled boundary points must 
agree in number, meaning and direction. 

3. The internal sequence of all points on the boundary between 
any two substructures must be the same. 

4. All subcases must be defined in all runs. 

5. Output may be obtained during Phase II for any degrees of 
freedom present as identified by the pseudostructure map 
printout (see fig. 4). 
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Advantage features provided are: 

1. If the grid points of the substructures are numbered uniquely, 
the user may request automatic coupling to occur. If excep- 
tions occur, they may be handled by means of bulk data. 

2. The minimum required data are the DTI data cards defining the 
number of substructures present and other logistical control 
information. 

3. If topologically equivalent substructures are present, only 
one needs to be input; coupling data cards will be required 
in this case since ti.e grid points are no longer unique. 


Level 16.X overcomes the most serious objections by providing an auto- 
mated capability. This capability is implemented by the addition of new 
modules, rigid formats, and a user-oriented data table specification. These 
facets are discussed in the sections which follow the theoretical discussion. 
As far as the rigid format is concerned, the new modules appear as structural 
matrix assemblers similar to SMA3 with the substructures appearing internally 
as arbitrarily defined super elements. 


THEORY 


The basic theory used as a basis for the implementation of substructure 
analysis is presented here for the convenience of the reader. Full treatment 
is given in Section 4.3 of the Theoretical Manual (reference 1). The NASTRAN 
set notation will be employed. 

For static analysis, the free (f) degrees of freedom of the substructure 
are allocated to the a-set, which contains all boundary degrees of freedom, 
(i.e., degrees of freedom which are to be coupled to similar degrees of freedom 
at some grid point in another substructure), and the o-set, which contains the 
non-boundary degrees of freedom. The equilibrium equations are written as 



from which 

[*„]<“,> - <%> ( 2 ) 
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where 



* 

K*] + rvX*} 

(3) 


<p a > . 

<iy + tG 0 ] T {p 0 > 

(4) 

and 



(5) 


Also, the displacements of the interior points are given by 


<“o> ■ (“2> + ^ 0 ](u a } (6) 

where {u°} * [K 00 ]"'( p 0 ) • (7) 


Equations 3, 4, 5 and 7 can be carried out in Phase I. Equation 2 must be 
deferred to Phase II where the missing contributions to [K a _] from the other 

O0 

substructures are available. Equation 6 consists of two parts, one of which 
(equation 7) is evaluated in Phase I. The other part depends on the solution 
generated in Phase II. Equation 6 is therefore done in Phase III. 

In Phase II, the substructure boundary matrices [K aa ] and (P a ), which 

da o 

are brought In from User Files generated by the Phase I runs, are expanded to 
pseudomodel q-size. 



tO - Kg ] 

(8) 


{p !> — fpl> 

a g 

(9) 

and added to form 

Kg] " ^ Kg] 

(10) 


<v 

(ID 

from which a normal 

solution proceeds. 
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After the solution (u^l is obtained, the boundary displacements are simply 
extracted by 


(u ) - {ul . (12) 

a g 

The merge and partitioning operations defined by equations 8, 9 and 12 require 
information identifying degrees of freedom in each substructure with corre- 
sponding degrees of freedom of the pseudomodel. 


For normal modes analysis, the mass matrix is arbitrarily reduced via 
the Guyan reduction 

[M m ] . [M aa ] ♦ [M oa ] T [G 0 ] ♦ [G 0 ] T [M oa ] ♦ r<y T [M 00 HG 0 ] (13) 
described in reference 6 and carried into Phase II in the same way as [K 1. 

1o 


In dynamics rigid formats, the viscous and structural damping matrices 
are similarly treated. 


NEW MODULE DESCRIPTIONS 


Three new modules are presented in this section which form the basis for 
the automation of the basic automatic substructure analysis technique. These 
modules can be either added to DMAP alter packets currently being utilized or 
to new rigid formats as will be shown in the following section. 

The three new modules are: 


Substructure Matrix Assembler 
Substructure Vector Extractor 
User File Data Block Recovery 


Descriptions of these modules are presented on the following pages using the 
format prescribed for Section 5 of the NASTRAN User's Manual. 





SSMA (Substructure Matrix Assembler) 


I . NAME : 


II. PURPOSE : Generates matrices from substructures - 

1. Obtains substructure matrices and other data from designated 
User Files. 

2. Assembles g-sized stiffness, mass, viscous damping, structural 
damping and/or load vector matrices for all substructures 
designated. 

3. Outputs appropriate diagnostic and information messages and 
summary information. 


III. DMAP CALLING SEQUENCE : 

SSMA GE0M4,UFTABLE / K,M,B ,K4,P,PSD / C,Y,P0PT / C ,Y .GENSAME / 
V,N,LUSET $ 

IV. INPUT DATA BLOCKS : 

GE0M4 - Contains SAME data 
UFTABLE - User File information 


V. OUTPUT DATA BLOCKS : 

K,M,B,K4,P - Stiffness, mass, viscous damping, structural damping 
and load vector matrices 

PSD - Pseudostructure data table 


V T PARAMETERS : 

P0PT - Integer-input, defaults . 

»+l, print pseudostructure map 
=-l , do not print map 

GENSAME - Integer-Input, default »-l. 

■-1, coupling data is taken from GE0M4 
*'*-1, automatic coupling based on grid point Identification 
numbers will be employed (GE0M4 data is also used if 
present) . 

LUSET - Integer-output, default-0. Number of degrees of freedom 
in pseudostructure g-set. 
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REMARKS: 


VII. 

1. SSMA will read User Files INPT, INP1 , INP2, — , INP9 as specified 
by the data on UFTABLE. 

2. Any or all outputs may be purged. 

3. GE0M4 may be purged if GENSAME=+1 . 

4. UFTABLE may not be purged. 


I. NAME : SSVE (Substructure Vector Extractor) 

II. PURPOSE : Generates a User File containing substructure boundary 

displacement vectors. 

III. DMAP CALLING SEQUENCE : 

SSVE PSD.LA.UGV // $ 

IV. INPUT DATA BLOCKS : 

PSD - Pseudostructure data table (generated by SSMA) 

LA • Eigenvalue table 
UGV - Displacement vector 

V. OUTPUT DATA BLOCKS : None 

VI. PARAMETERS : None 

VII. REMARKS: 

1. Companion module to SSMA, requires pseudostructure data table (PSD) 
output from SSMA as Input. 

if. SSVE will write a User File on INPT, INP1, INP2, — , or JNP9 as 
specified by the data block UFTABLE and passed to the module via 
PSD. 
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I. 


NAME : UDBR (User File Data Block Recovery) 


II. PURPOSE : Recovers data blocks from a given User Fil according to 

information contained on a directory data block (the first data block 
on the fi le) . 

III. DMAP CALLING SEQU ENCE: 

UDBR / DB1 ,DB2,0B3,DB4,DBj / C,Y,SUBID / C,Y,UNIT / C.Y.USRTPID2 $ 

IV. INPUT DATA BLOCKS : None 

V. OUTPUT DATA BLOCKS: 


DBi - Data Blocks recovered by module. 


VI. PARAMETERS : 

SUBID - Integer-input, defaults. Substructure identification 
number. 

UNIT - Integer-input ,default*0. Permanent file code as follows: 

0 INPT 

1 INP1 

2 INP2 


9 !NP9 

USRTPID2 - BCD-input, default*XXXXXXXX. User File identification 
code. 


VII. REMARKS : 

1. The User File is assumed to have been generated by module SIVE. 

2. The number and kind of data blocks recovered depends on the 
directory data block contents. 


REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR. ' 


NEW RIGID FORMATS 


In order to simultaneously use the new utility modules previously defined 
nd to relieve the user of the burdensome chore of preparing DMAP alter packets, 
®iew rigid formats have been developed, one for each major analysis capability, 
static Substructure Analysis, Rigid Format 16, is given in Appendices B, C and 
) where the solution subset numbers 1, 2 and 3 are indicative of Phase I, II 
*nd III, respectively. If subset 0 (s^e Appendix A) is used, an ordinary Static 
\nalysis will result. Normal Modes Substructure Analysis, Rigid Format 17, is 
1 lustrated for Phase II by Appendix E. These new rigid formats are fully 
Compatible with all existing displacement rigid formats, including restart cap- 
ability, as defined by Rigid Format Series N which is scheduled for Level 16 of 
[1ASTRAN. 

Many of the DMAP instruction sequences contained in these rigid formats 
?an be used by current Level 15 users with appropriate caution. 


USER DATA REQUIREMENTS 


The Phase II coupling process requires that matrices and data tables 
generated in several Phase I runs be recovered from User Files. Many possible 
iata input configurations are possible, depending on the sequence of Phase I 
runs and reruns which led up to the Phase II analysis. In order to allow the 
greatest amount of flexibility in the automated process, a table data block 
:ontaining user file information will be used to control the Phase II assembly 
arocess. This can ultimately be generated from a Case Control packet. For 
the purposes of the current design, however, this table will be assumed to be 
input via DTI bulk data cards as illustrated in figure 8 and described in some 
detail in Appendix F. The UFTABLE data block that results will be required 
input to module SSMA previously discussed. Future expansion to include control 
of the load assembly process, as well as features not currently envisioned, is 
easily accomplished since the records of table data blocks are open-ended. 


USAGE 


The usage of the capability just presented is shown by the sample data 
decks in figures 5, 6, 7 and 8. It Is to be emphasized that, within the 
limitations previously described, the burden on the user is minimal. The 
primary requirement is that the small UFTABLE data block be prepared on DTI 
cards for input to Phase II. Job control language is still necessary, of 
course, and will not be discussed here since the subject is not only machine- 
dependent but usually highly installation-dependent as well. 



The user accomplishes substructure matrix generation (Phase I) as 
presently described in the Level 15 User's Manual without the alter packet. 

The new modules SSMA and SSVE are used to automate the matrix coupling (Phase 
II) and thereby eliminate the chore of generating complicated DMAP alter 
packets. No longer must the user supply the input, merge, add, and equivalence 
statements for the coupling of each matrix of every substructure. Now one 
module (SSMA) replaces all of the above-mentioned DMAP statements. The user 
supplies only substructure names and identification values via bulk data cards 
to inform SSMA how many substructures are being coupled and to relate the sub- 
structures to user-supplied coupling data. The substructure's parameter value 
is used to indicate the presence of identical substructures. The user may also 
include user file labels from Phase I, names of matrices to be read from each 
user file, and, when tapes are used, the installation's tape code when re- 
questing multiple-reel tapes. All tape changes and mount requests are handled 
similarly to the current NASTRAN user tape modules with the exception that the 
user is uninvolved once the installation's job control language requirements 
are met. NASTRAN with one module (SSMA) now requests user tapes, verifies the 
correct mounting and builds all the coupled matrices, taking full advantage 
of any identical substructures that exist. Module SSVE is similaily used to 
request an output tape and uncouple the substructure solution vectors. 

As a final indication of the usefulness of the techniques developed, the 
sample problem used in reference 2 is presented in Appendix G. It is seen that 
truly little effort is required on the part of the user to prepare data for a 
substructure analysis using Level 16. X features. 


FUTURE IMPROVEMENTS 


Once the basic capability becomes implemented, an environment will exist 
with respect to which improvements can be made. Several of these potentially 
useful improvements are described in the paragraphs which follow. 

One early addition should be to provide data checking capability for 
points being coupled between substructures. These checks will require that 
additional geometric information about boundary grid points be carried forward 
from Phase I. This information can then be automatically recovered in Phase 
II via SSMA and either used inside that module or passed out of the module in 
the form of data blocks to be used by other new modules. 

Another improvement which can be added relatively easily to the basic 
capability is the ability to introduce and symbolically manipulate and generate 
geometrically related loading conditions in Phase II. This also requires the 
availability of additional geometric information in Phase II. At this point, 
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it will be possible to introduce direct matrix input as a representation of 
loading conditions. This capability will complement the existing capability 
for users who may desire to input loading matrices generated by programs 
external to NASTRAN. 

The ability to relate degrees of freedom of the pseudostructure to 
externally designated degree of freedom descriptions in Phase II requires only 
that the correspondence be known. Since this information is contained in the 
ASET data blocks input from the Phase I runs, it is easy to conceive of a 
translator module which will accept data referencing external degrees of 
freedom (e.g., SPC, 0MIT, F0RCE cards) and generate equivalent data blocks con- 
taining internal pseudostructure degree of freedom descriptions. With this 
capability, analyses of pseudostructure models can be carried out as if they 
were simple structures. 

Non-conforming boundaries can be handled with an extra transformation 
step. If [Q] is chosen so that the transformed displacement vector 

{u}* = [Q] T (u) (14) 

has the desired sequence but the same values, then 

wr 1 ■ [qT ns) 

and the conformable matrices and vectors are easily computed as 


M* = 

[qjVkq] 

(16) 

{P}* = 

[Q] T {P> • 

(17) 


After solution, the reverse transformation is merely 

{’J> = [Q]{u>* (18) 

Since [Q] has an extremely low density, NASTRAN's sparce matrix multiply 
routines will carry out the indicated computations most efficiently. The 
essential task is the generation of the [Q] data. With suitable arbitrary 
conventions, this can be accomplished within the module SSMA and included in 
the PSD data block for transfer to other modules such as SSVE where the re- 
verse transformation can be made. 

Multi-level substructure analysis, while not covered explicitly by the 
scope of this effort, can be obtained with a small modification to the existing 
capability herein defined. In this case, the ASET data block output from 
Phase II will contain both the pseudostructure degrees of freedom and the 
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equivalent Phase I external degree of freedom designations. Since several 
Phase I external degree of freedom designations may exist for each Phase II 
degree of freedom, the data block becomes somewhat more complex but no essential 
new difficulty is encountered. Once the correspondence recognition feature is 
accomplished, multi-level substructure analysis capability essentially becomes 
open-ended with no real limit to the possible number of levels. Since the 
degree of freedom correspondence is automatically carried forward at each level, 
it will be possible to return directly to the original substructures in any data 
recovery phase. In addition, the substructure formed at any level can be 
analyzed by itself. Figure 9 illustrates this process. 


A user convenience improvement would be to replace the DTI form of the 
input of the table UFTABLE described earlier with a Case Control Deck packet 
similar to the structure plotter request packet. This will require new code in 
the Input File Processor (IFP) portion of the preface which will read the data 
cards, analy. e them for correctness and form the UFTABLE data block. When 
implemented, the present requirement for a dummy UFTABLE input for subset 0 
will be eliminated. The language specifications can be made as user-oriented 
as desired since IFP will interpret the statements and form the UFTABLE data 
block. At such time as the data block UFTABLE is added to the FIAT as a 
recognized output from the preface, an EQUIV DMAP instruction will be needed 
in the rigid formats if DTI input is also to be available. 


Another enhancement will be to allow the coupling of individual degrees 
of freedom at a grid point rather than all unconstrained degrees of freedom as 
will be done in Level 16. This task is not dependent on anything presented in 
this paper but can be done at any time since it merely involves the definition 
of a new data card similar to the present SAME card (see figure 10) and the 
addition of minor processing logic in the Level 16 module P V EC . 

Several other improvements which will either remove restrictions or ex- 
tend the capability can be envisioned. The important point is that any or all 
of these improvements can be relatively easily made once the basic capability 
is operational. 


CONCLUSION AND RECOMMENDATIONS 


An approach has been presented by which basic automatic substructure 
analysis can be added to NASTRAN. It is suggested that this technique can be 
implemented in Level 16 with a relatively small level of effort. While the 
resulting capability will not completely satisfy all potential users, it is 
felt that most substructure analyses will be encompassed. Furthermore, reason- 
able extensions of the techniques presented can be made which will result in 
any degree of further sophistication, convenience and automation that can be 
supported by resources that are made available for this purpose. 
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APPENDIX A 

RIGID FORMAT DMAP LISTING FOR S0L 16, (0) 
STATIC SUBSTRUCTURE ANALYSIS (ALL PHASES) 


Subset 0 of Rigid Format 16 contains all DMAP instructions for Static 
Substructure Analysis. If run without subsets 1, 2, or 3, a complete static 
analysis will result which is equivalent to Rigid Format 1. Selection of one 
of the subsets 1 , 2 or 3, however, reduces Rigid Format 16 to a DMAP sequence 
which will automatically solve Phase I, II or III of Static Substructure 
Analysis. These subsets are displayed in Appendices B, C and D. The DMAP 
compilation listing of S0L 16,0 constitutes the remainder of this Appendix, 
including an explanatory description of the DMAP similar to that found in 
Section 3 of the NASTRAN User's Manual. 



APPENDIX A 


RIGID FORMAT D«AP LISTING 

SERIES N *** omSIC STATIC SUBSTRUCTURE ANALYSIS *** 

RIGID FORMAT 16 - SUBSET ZERO 

N A S T R A N SOURCE PROGRAM COMPILATION 
DMAP-OMAP INSTRUCTION 
NO ■ 


1 

BEGIN 

2 

FILE 

3 

FRE 

4 

JUMP 

5 

par am 

(E 

Qsm>T) 

7 

SAVE 

a 

chkpnt 

9 

LABEL 

1U 

CgpT'3) 

ii 

Save 

12 

CHRP.mT 

13 

Cp2~7) 

14 

CHKPNT 

15 

paraml 

16 

PURGE 

17 

CGND 

18 

PLTSET 

19 

SAVE 

20 

PRTMSG 

21 

PARAM 

22 

PmRAM 

23 

CONO 

24 

C pToT) 


NO. 16 BASIC STATIC SUBSTRUCTURE ANALYSIS - SLKlES N * 

LCL=TAPF $ 

OG=APPENO/PGG*APPENO/UGV=APPENU/oM=ShVfc/KNN*SAVE * 

PH2BK.1 t 

//C»N» ADD/ V. N» PHASE2 /C» N. O/C . N« - 1 S 

oEOMA.UFTABLE/KGGPS, t .. PGPS, PS oa J m/C, V.PRTOH /C i r.GENSAME/ V.N, 
LUScT i 

LUSET t 

KGGPS.PGPS.PSOATA $ 

PH26M I 

GfcUMl,GEOM2,/GPL,EC)EXIN,&POT,CSlM,Bl»POl.SlL/V, N, LUSET/ VtN, 
NOGPOT » 

LUSET $ 

GPLt EOEXIN,G®DT,CSTM, BGPDT » SIL » 

OEOM2,FQEXIN/ECT » 

ECT i 

PC06//C»N*PRES/C»N,/C*N»/C»N»/ V .N.NOPCOb S 
PL TSETX.PL TP AP, GPS ET S.ELSET S/NoPUiB l 
F 1 »NU° COB S 

PCU6.EQEXIN.6CT/PLTSETX.PLT PAn, uPSETS . tLScTs/v.N.NSlL/ V.N, 
JUMPPLOT — 1 t 

NSIL. JUMpPLOT t 

PLTSCTX/ / t 

//C. N» M PY/ V. N.PL TF LG/ C. N. 1 /C. N. i » 
//c,n.*'PY/v,n,pfile/c,n,o/c,n,o » 

Pi.JOMPPLOT S 

PlTPaR.GPSETS.ELSETS.CASECC.BoPUT . fewcxlN.SlL. . M /PLOT XI/ V.N. 
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APPENDIX A 


RIGID FOKRaT UMAF LISTING 


SERIES N *♦* 

6« SIC ST1TIC SUBSTRUCTURE ANAnSIS *** 

RlGlO FUAMAT 

16 - SUBS FT Z FRO 


N A S T K 

AN SOURCE PROGRAM COMPILATION 

DWAP 
N J« 

’-GMAP INSTRUCT ION 

NSIL/V,N,tUSET/V,N, JU MPPL0T / V, N, PLT FlG/V , N , PF iLt S 

25 

SAVE 

JUMPPLOT.PLTFLG.PF ILE i 

26 

PRTMSG 

PLOT XI // i 

27 

LAbEL 

PX * 

28 

CHKPNT 

PLTPaT.GPSETS, ELSETS * 

29 


GLUM3,E0EXIN,GE0M2/SLT,o. TT /V, N, nOoKmv » 

30 

SAVE 

NClGRAV * 

31* 

PAKAM 

✓ /C*N, ANO/V, N,N0MGG/V,N,N0GRAV/V,Y,G*0PNT=-1 i 

32 

PURGE 

MGu, MELP.MDICT/NOMGG i 

33 

CHKPNT 

SLT.GPTT S 

34 

<SaT^) 

tCT,cPT f PGPOT,STL»GPTT,CSTM/E>TtwLl*oPctT,/V.N,LuStT/ V,N 

NuSI MP/C |N« 1/V« N tNOGENL/ Vf NiGcNcL * 

■» c 

r * »*r 

Ai>rt<«r> i n^riti ppun # 

iTWtJ ill » '"iUlhc|Ulm,C * 


«/«*». 

36 

PAR AM 

//C,NiAND/V,N,NOELMT/V,N,NOuENl/V,N.NuS1MP $ 

37 

CONI) 

EKRuRA» NOELMT t 

38 

PURGE 

Ko&X»GPST/NOSI HP/OGPST/GENEL V 

39 

CHKPNT 

cst,gpect,gei,gpst,ogpst s 

40 

OPTPKl 

MPT, tPT,ECT,OlT,EST/OPTPl/V,N,PRXNT/V,N,TSTAia/V,N,CUUNT S 

41 

SAVE 

PRINT, TSTART, COUNT S 

42 

CMitPNT 

OPTPX % 

43 

JUMP 

LOUPTOP » 

44 

LABEL 

LOOPTOP * 

45 

COND 

LBLX ,N0SIMP % 

46 

PARAM 

//C,N, A00/V,N,N0KGGX/C,N,1/C,N,0 * 

47 


EST. CSTM, MPT, 01 T,GEOM2,/KELM, *x.it 1 , McLM,MUI CT , ,/ V , N, NUKGGX/ 
N.NOMGG/C,N,/C,N,/C,N,/C,Y,COuPi>UsS/c, Y,LP6AA/C,Y,CPkuD/C,Y 
CP0UAni/C,Y,r.PQUA02/C,Y,CPTRUl/;,Y,cPTKiA2/ C,Y,CPIU6E/C, 
cPG0PLT/C,Y,CP T RPLT/C,Y,CPTR6sC » 



f 
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RIGID FORMAT DMAP LISTING 

StkIES N *** BASK Z T M 1 C SUBSTRUCTURE ANALVSiS *** 

RIGID FORMAT 16 - SUBSET ZERO 

NASTraN SOURCE PROGRAM COMPILATION 
UMAP-DMAP INSTRUCTION 
NO. 


48 

SAVE 

NQKGbX « NOHGG $ 

49 

CHAPNT 

KELM,KOICT,MELM,MOICT s 

50 

CONO 

JMPXGG * NOKGGX $ 

51 

(eha 2? 

oP6CTfK(MCT*KELM/KGGXtGPST $ 

52 

CHKPNT 

KGGX t GP ST S 

53 

LABEL 

jmpkl>g i 

54 

CONO 

jmpmgg.nomgg » 

55 

(tHA 

GPECT,MDICT t MELM/MGG./C«N,-l/„, Y, wTMmSS*1.0 » 

56 

CHKPrU 

MGG t 

57 

LABEL 

JMPMoG s 

5b 

CONO 

LbLl i GROPNT $ 

r a 

j 

r- r- n r% 
w wnw 

C ' Hi r> -* hiNh ('z* * 

M%r\(j l\ <_ t 1 DO 4* 

60 

(^PpiQ 

bGPDTf CSTM t PQFXlN t MGG/CGPhG/V,Y,uKOPNT/CiY,hTMASS 

61 

or-p 

OGPMG • t • t * // V»N t C ARDNO t 

62 

LA8EL 

LbLl $ 

63 

EOOIV 

KtotiAt KGG/NOGENl $ 

64 

chapnt 

KGG % 

65 

CONO 

LBLUA, NOGENL $ 

66 


GfcIfNGGX/KGG/V*N*LUSET/V*N» NQuc.Nl/ V »N» NoSlHP » 

67 

CHKPNT 

KGG A 

68 

LABEL 

LBLllA % 

69 

JUMP 

PH26K2 » 

70 

ADO 

KGG.KGGPS/KGGT % 

71 

EU01V 

K&uT »KGG/PHLSE2 $ 

72 

CHKPNT 

KGG % 

73 

LABEL 

PHZBK2 t 


• .*■ ? 
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RIGID HjR MAT dmap listing 

SERIES N **♦ BAS 1 u STSTIC SUBSTRUCTURE ANAlTSiS *** 

RIGID FORMAT 16 - SUBSET ZERO 

NASTRAN SOURCE PROGRAM COMPILATION 
DMAP-DMiP INSTRUCTION 
N u • 


74 

PAR AM 

//C.N,MPY/V,N t NSKIP/C.N,0/C,N,U * 

75 

JUMP 

LBL11 * 

76 

LA6EL 

LBL11 $ 

77 

c^> 

CAS ECC • GrOMA • EOE X 1 N» S I L • l»PDT/Rl» * 1 6 • USeT « hS cT/ V * N* LOSE T ! V * N* 
MPCH/V,N,MPCF2/V,N, SINGLE /V.N.urtl T/V,N. kc ALT/ V,m,NSMP/V, N, 
REPE AT/ V,N, NOSET/ V *N, FOL/ V , N, .,uA/ C , Y ,aucl D A 

78 

$ AVfc 

MPCFl, MPCF2* SINGLE, CM IT, REACT ,NSK1P, REPEAT, wOSET , Nul , NOA * 

79 

ICNO 

ERRUR3.NOL t 

80 

P ARAM 

//C,N, AN0/V,N,N0SR/ V.N, SINGLE/ V,N, Rt.;CT t 

81 

PURGE 

Kf\R* KL R» 0# * OH/ P FACT / GM/MPCF 1/uO* KOu* lGO* PU* UUC V * RUUV/0M1 T/PS * 
KFS*KSS/S* NGLE/QG/NUSR % 

82 

CHKPNT 

KkR* KLR»3'» f 0M t GM,G0,KC0,L00 l PU|UUUV,RUUV,PS,K»-S,KSS»GGiUSET l RGt 
YS.ASET t 

O ■ 2 

r nun 

L3L4* fCNCL t 

84 


GPL, G" ST, USE T, SI L/OGPST/V.N, NOGPST % 

85 

SAVE 

NOGPST t 

86 

CUNO 

LBLA • NOGPST $ 

87 

OFP 

OGPST i • f , ,// V,N«CARDNO » 

68 

LABEL 

LBLA » 

69 

Ecu IV 

KGG, KNN/NPCFl $ 

90 

CHKPNT 

KNN t 

91 

CONK 

LBL2.NPCF2 t 

92 

CSTt’O 

OSET.RG/GM l 

93 

CHKPNT 

GM % 

94 


USET,GM,KGG,, ,/KNN,, , S 

95 

CHKPNT 

KNN » 

96 

label 

LBL2 S 

97 

EOUIV 

KNN* KFF /SINGLE » 


t. 


| 



* 


t 


i 
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RIGID FORMAT gMAP LISTING 

SERIES N *** BASIC STATIC SUBSTRUCTURE ANALYSIS *** 

RIGID FORMAT 16 - SUBSET ZERO 

NASTRAN SOURCE PROGRAM COMPILATION 
OMAP-DMnP INSTRUCTION 


NO. 



98 

CHKPNT 

kF F $ 

99 

t-ONO 

LBL3, SINGLE ft 

100 

deep 

USEI «KNN* * */KFF»KFS|KSS , 1 1 ft 

101 

CHKPNT 

KFS.kSS.KFF ft 

102 

LABEL 

LBL3 S 

103 

EUUIV 

KFf * KAA/OM I T $ 

104 

CHKPNT 

KAA A 

105 

CONO 

LBL5.0PIT t 

106 

<SmpQ 

USET.KFF,, ,/GO,KAA,KOC»LOO» mm A 

107 

CHKPNT 

uJ.KAA.KCO.LOO ft 

108 

label 

LBL5 ft 

\ f> *1 

4 V A 

£ V 

KAA.KLL/rC ACT « 

110 

CHKPNT 

KLL ft 

ill 

PAR AM 

//C#Nt SU9/V.N,PHASEl/C,N,0/C.Tf SUol0*0 ft 

112 

COND 

wBL7 »PHASE1 $ 

113 

CGND 

LBL6, REACT $ 

114 

CTphgP 

USET.KAA./KLL.KLRtKRR,,, ft 

115 

CHKPNT 

KLL,KLP,KRR ft 

116 

LABEL 

LBL6 ft 

117 

C^BMGp 

KLL/LLL ft 

lie 

CHKPNT . 

LLL ft 

119 

CGND 

L8L7, REACT ft 

120 

(XbhcJ) 

LLltKLRfKPft/OM ft 

121 

CHKPNT 

ON ft 

122 

LABEL 

LBL7 ft 

123 

<£SgQ 

SLTtBGRDT»C$TM,SILtEST t MPT ( CPTI ( cgT »MgG» c A S EEC * U1 1/PG/V»N» 
LOSEl/V,N,NSKIP ft 


> ^ 


J 
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RIGID FORMAT uMAP LISTING 

StRItS N *** bASIC STATIC SUBSTRUCTURE ANAlTSJ* •** 
RIGID FuRMAT 10 - SUBSET ZERO 


N A S T R 
DMAP-OMAP INS 
NU. 

AN SOURCE PRCGRAM COMPILATION 
i RUCTION 

1 24 

JUMP 

PH2ttK3 4 

125 

ADU 

PG*PoPS/P r T S 

126 

fcuul V 

PGT, PC, /PHASE? 4 

127 

LABEL 

PH20A3 4 

128 

ChKPNT 

PG 4 

129 

touiv 

PU#PL/N0$ET 4 

130 

chnpnt 

PL 4 

131 

CuNU 

LbL 1 0 1 NOSE T 4 

132 

CssoF) 

USfc7.GM f YS # KFS,G0,0M t PG/wRt P0»PS,PL » 

133 

CMAPNT 

LRfPUt PS»P L S 

134 

LABEL 

L6L10 4 

1 t r 
* * * 

r fM-r^ 
wit/ 

z> ■« 0 « miii p r t » 

i ♦ 1 * Uf\ a P * 1 ,l ' j l 1 * 

136 

COiP 

LLLi KLL « °l t L CO t K0U» PO/ULV* UCCl ♦ MUL V * koUV/ V *N* OMil / ViYtlRES 



V,N,NSK1P/V,N,EFSI » 

137 

SAVE 

tPSI t 

138 

ChKPNT 

ULViuOOV.RUL ViRUOV » 

139 

CCNU 

LBL9.IPES » 

140 

MATGPA 

GPL,U$ET,S1L,RULV//C,N.L % 

141 

MATGPR 

GPLtUSETtSI L i RUGV//C » N»C * 

142 

LABEL 

LBL 4 S 

143 

JUMP 

PhiBKl I 

144 

LABEL 

PH16K’ t 

145 

CGNO 

SKIP, OMIT S 

146 


LUUt » o 0/U00VX % 

14 7 

EdUl v 

UOOVXiUCOV /PHASE* t 

148 

ChKPNT 

uuuw * 

149 

LABEL 

SKIP % 
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R 101U EuKMaT UMAP LIST IMG 

SlRIcS N ♦** b AS 1 1. S T T I C SUBSTRUCTURE ANALYSTS *** 
RloIO POkM«l lo - SUBSET ZERO 


NASTRAN SOURCE 
DMAP-UMaP INSTkUCTION 


program compilation 


NO. 



15Q 

(yuTPoTji 

aSET.KU.pl. ,//C,N,-l/C,N,0/C, Y.USKTPIol t 

1»1 

PARmM 

//C • N» ADD/ V* N* PMASE3/C. N» 0/C»N»“l » 



/ULVa,, ,,/C. Y,SUB10/C,Y,UNIT/C.Y»USnTP1o2 » 

153 

eouIv 

0LVX,ULV/’HA$E3 * 

154 

chkpnt 

ULV » 

155 

LABEL 

PHibKl i 

156 

CSOaQ 

USET .PG.ULV.UOOV , YS.GO.GM.PS. NTS, kSS.wK/UuV.PGG.uG/V.N.NSk. IP/ 
C.N. STATICS * 

157 

CHKPnT 

UGV.PGG $ 

15a 

CUNO 

LBL8.PEPEAT % 

15V 

RfcPT 

LbLU.100 S 

160 

JUMP 

LRRORl » 

161 

PAR AM 

//C.N.NOT/V.N.TEST/V.N. REPEAT i 

lt>? 

CONU 

ERROR?. TEST t 

163 

LABEL 

LBL8 * 

164 

chkpnt 

oG A 

16> 

JUMP 

PH2BRA S 

grr 


PSOATA. . UGV/ / $ 

167 

LABEL 

PH2BKA % 

168 

(gORp 

LASECC . CSTM.MPT ,01 T . E CEXI N, S Jl.wPT 1 . c t)T , oGPOT . . wG.U0V.EST . . PGO/ 
CPG1 .OQ'.l.OUGVl. OESl . OLFl « PUGVl/C .N. »TA1 US A 

169 

CUNO 

LbLUfP, COUNT $ 

170 

(JPTPR2 

OPTPl, OESl. E ST/0PTP2, EST1/ V, N, PKiNT/V.N, I iTAkI/V,N, COUNT % 

171 

EOUlV 

EST1 . E ST/C 0UNT/r*PTP2. OPT Pl/CCUNT » 

172 

CONO 

LOOPeNO. PRINT t 

173 

LABEL 

LBLOFP » 

174 

PAR AH 

//C. N« MPY/ V, N.C ARDNO/C. N. O/C.N. 0 A 


344 



APPENDIX A 


K1G10 f-OKCUT CMAP LISTING 

SERIES N oASIC STATIC SUBSTRUCTURE ANAlYsI S **• 

KlblO PuKrtAT lo - SUBSET ZERO 

NASTRmN SOURCE RROGRArt wURPILATIuN 
bMAP -i»MAP INSTRUCTION 


N J* 



175 

GPP 

UUbV 1 » OPG’ ,OOG1 , Of F 1 » OE ST , / / V, N, Cai* uho » 

176 

SAVE 

LARUNO » 

177 

CONQ 

H2.JUNOP10T * 

170 

(gioP) 

FLIP..* tGPSETS, El SETS tCASECC. SoPOT, EwLAlNo Iti Fuuv 1« 'bPECT'Oe SI/ 

PLUlX’/V,N,VS!t/V, N,LUSET/V,N, JyfVP tul / V , N, PLT Ho/ V , N, PP I Lfc t 

179 

SAVE 

PF let S 

ISO 

PRTMSG 

PLU1 AT// i 

101 

LA6EL 

f 2 * 

102 

LABEL 

LOUP END » 

105 

CGNO 

FINIS, COUNT S 

106 

REP7 

LOOPTOPtlOO * 

105 

JUMP 

FINIS » 

106 

LAoEL 

Error* » 

107 

PRTPAAM 

//C,N,-l/C,N, STATICS t 

108 

LAbEL 

ERROh? » 

109 

PR1PAAM 

//C,N.-2/r,N, STATICS » 

190 

LABEL 

ERRUR3 * 

191 

PR1PARM 

//C,N, -3/C, N, STATICS t 

192 

LABEL 

ERROR* t 

193 

PRTPmaK 

//C,N, -A/C, N, STATICS S 

196 

LAttcC 

ERRUK* i 

195 

PRTPARH 

//C»N»-VC «N, STATICS t 

196 

LAbEL 

FINIS * 

197 

E NO 

s 


••NO ERRORS FOUND - EXECUTE NASTBAN PROGRAM** 
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6 . 

10 . 

13. 

17. 

18. 
20 . 

23. 

24. 
26. 
29. 
34. 
37. 
40. 
45. 
47. 

50. 

51. 

54. 

55. 

58. 

59. 

60. 
61. 

63. 

65. 

66 . 


3^6 


Description of OMAP Operations for Basic S t atic Substructure Analysis 

SSMA analyzes and/or generates coupling data and forms coupled substructure matrices 

[tf*] 9nd < P n S} - 

99 9 

GP1 generates coordinate system transformation matrices* tables of grid point location 
and tables for relating internal and external grid point numbers. 

GP2 generates Element Connection Table with internal indices. 

Go to OMAP No. 27 if no plot package is present. 

PLTSET transforms user input into a form used to drive structure plotter. 

PRTMSG prints error messages associated with structure plotter. 

Go to DMAP No. 27 if no undeformed str» cture plot request. 

PL0T generates all requested undeformed structure plots. 

PRTMSG prints plotter data and engineering data for each undeformed plot generated. 

GP3 generates Static Loads Table and Grid Point Temperature Table. 

TA1 generates element tables for use in matrix assembly an* stress recovery. 

Go to OMAP No. 192 snd print error message if no eleru.tts have been defineJ. 

0PTPR1 property optimization module for Level 16. 

Go to DMAP No. 62 if there are no structural elements. 

EMG generates structural element matrix t«o,es and dictionaries for later assembly. 

Go to DMAP No. 53 If no stiffness matrix is to be assembled. 

EMA assembles stiffness matrix [‘<*^3 *rid Grid Point Singularity Table. 

Go to WAP No. 57 if no mass matrix Is to be assembled. 

EMA assembles mass matrix [H^]. 

Go to DMAP No. 62 If no weight and balance request. 

Go to DMAP No. 188 and nrint error message if nc mass matrix exists. 

GPWG generates weight and balance information. 

0FP formats weight and balance information and places It on the system output file fo>* 
printing. 

Equivalence tK*^] to [K^) if no general elements. 

Go to DMAP No. 68 if no general elements. 

SMA3 adds general elV ... ,ts to [K*^] to obtain stiffness matrix [K ]. 

Aio t* OT l «n<1 (*£*] to for* ft**,. 


70 . 
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Equivalence [K^ tdl ] to [K^] if coupling phase. 

Go to next DMAP instruction if cold start or modified restart. LBL11 will be altered by 
the Executive System to the proper location inside the loop for unmodified restarts within 
the loop. 

Beginning of Loop for additional constraint sets. 

GP4 generates flags defining members of various displacement sets (USET), forms multipoint 

constraint equations [R ]{u } = 0 and forms enforced displacement vector {Y }. 

9 9 5 

Go to DMAP No. 190 and print error message if no independent degrees of freedom are defined. 

Go to DMAP No. 88 if general elements present. 

GPSP determines if possible grid point singularities remain. 

Go to DMAP No. 88 if no Grid Point Singularity Table. 

0FP formats the table of possible grid point singularities and places it on the system output 
file for printing. 

Equivalence to [K nn 3 if no multipoint constraints. 

Go to DMAP No. 96 if MCE1 and MCE2 have already been executed for current set of multipoint 
constraints. 

MCE! partitions multipoint constraint equations [R ] = [R ! R ] and solves for multipoint 


constraint transformation matrix [GL] = 1 [R 

m m n 


, L g J L m i n J 


MCE2 partitions stiffness matrix 


Sin : *m 

v — 

and performs matrix reduction 

to ■ to * tcjitw * tOty * t<)ts-)tu 

Equivalence [K nr) ] to [K^] if no single-point constraints. 

Go to DMAP No. 102 if no single-point constraint:. 

SlEl partitions out single-po*nt constraints 


Equivalence [K^] to [K aa ] if no omitted coordinates. 
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105. 

106. 


Go to DMAP No. 108 if no omitted coordinates. 
SMP1 partitions constrained stiffness matrix 


[K f f] 

solves for transformation matrix [G 1 

o 

and performs matrix reduction [K ] 

aa 


- _ 


K 1 

K 

aa , 

1 

ao 

K 

K 

_oa ■ 

00 


»«> ♦ ■ 


109. Equivalence [K aa ] to [K^] If no free-body supports. 


112. Go to DMAP No. 122 if initial substructure data reduction (Phase I). 

113. Go to DMAP No. 116 if no free-body supports. 

114. RBMG1 partitions out-free body supports 


rK aa3 


K U : K tr 


rt ; rr 


rvr. H/'n j - - _ 4 * - i r r . . .1 • 1 

tvvuuc. ucuumpuoca cuiu^iaiiicu 3uiiiiie^» inau u 


LN U J * LL U JLU n J * 


119. Go to DMAP No. 122 if no free-body supports. 

120. RBMG3 forms rigid body transformation matrix 

[0] = -t* u l !\ r ] 

calculates riqid body check matrix 

[X] - [K rr ] + [Kj r ][D] . 
and calculates rigid body error ratio 


e 



• 123. SSG1 generates static load vectors {P g l . 

125. Add {P g > and {pP s } to form {P* ota1 } * 

126. Equivalence {Pg 0t# ^> to {P^} If coupling phase. 

129. Equivalence {P^} to {P^} If no constraints applied. 




348 



APPENDIX A 


132. SSG2 applies constraints to static load vectors 


<v • ■ >V • • 

o 

m 


(P f ) • (P f ) - [K fs ]{Y s J , 


{P-} « , (PJ - (P J + [G']{PJ . 




IP # > = _ 


and calculates determinate forces of reaction {q r > * *{P r > - [D^]{P„ } . 


Go to OKAP No. 144 If intlal substructure data reduction (Phase I). 
SSG3 solves for displacements of independent coordinates 


<“«> • t« u r'<v . 

solves for displacements of omitted coordinates 

<«S> • . 

calculates residual vector (RULV) and residual vector error ratio for independent coordinates 

{4P t > • {P t } - [K u ]{u t } , 










r- s'srxr- ' . 

<»**'*•* "< 


(u;>«p t ) 

** " <'!»•.» 

tor (WV) and residual vector error ratio for omitted coordinates 

*V * <V “ t K oo 1{u o } » 
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139. 

140 . 

141 . 

145 . 

146 . 


147 . 

150 . 

152 . 

153 . 
156 . 


158 . 

159 . 

160 . 


° 

Go to OMAP No. 142 if residual vectors are not to be printed. 

MATGPR prints the residual vector for independent coordinates (RULV). 
MATGPR prints the residual vector for omitted coordinates (RU0V). 

Go to DMAP No. 149 if no omits. 

FBS solve for displacements of the omitted coordinates 


<0 = V 1{p 0 } 

Equivalence {u° x } to (u°) if initial substructure data reduction (Phase I). 

0UTPUT1 write a user file on INPT containing analysis set information, [K^] and {P^} 
UDBR recover {u*} from coupling phase user file for substructure SUBID (Phase III) 


Equivalence {u*} to {u^} for substructure data recovery. 
S0R1 recovers dependent displacements 


{u a ) , 


a 

i — 


= (u f ) 


{u m } * t 6 m ]{u n } • 


< u o> ' [G 0 ](u a } + {uj> , 




{U g } , 


and recovers single-point forces of contraint 

fq s ) - -{P s } + [Kj s ]{u f } + [K SS ]{Y S > . 


Go to DMAP No. 
Go to DMAP NO. 
Go to DMAP No. 


163 if all constraint sets have been processed. 

ib If additional sets of constraint net to be processed. 

186 and print error message if number of loops exceeds 100. 
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162. 

166. 

168. 

170. 

172. 

175. 

177. 

178. 
180. 

183. 

184. 

185. 
187. 
189, 

191. 

193. 

195. 


Go to DMAP No. 194 and print error message if multiple boundary conditions are attempted with 
improper subset. 

SSVE partitions {u g } into substructure solution vectors and forms user file. 

SDR2 calculates element forces and stresses (0ES1, 0ES1) and prepares load vectors, dis- 
placement vectors and single-point forces of constraint for output (0PG1 , 0UGV1 , PUGV1 , 

NG1). 

0PTPR2 property optimization module for Level 16. 

Go to DMAP No, 182 if no property optimization print control. 

0FP formats tables prepared by SDR2 and places them on the system output file for printing. 

Go to DMAP No. 181 if no deformed structure plots are requested. 

PL0T generates all requested deformed structure plots. 

PRTMSG prints plotter data and engineering data for each deformed plot generated. 

Go to DMAP No. 197 if property optimization looping is finished. 

Go to DMAP No. 44 if property optimization looping is not finished. 

Go to DMAP No. 197 and make normal exit. 


STATIC ANALYSIS ERR0R MESSAGE N0. 

STATIC ANALYSIS ERR0R MESSAGE N0. 
TI0NS. 

STATIC ANALYSIS ERR0R MESSAGE N0. 
STATIC ANALYSIS ERR0R MESSAGE N0. 
STATIC ANALYSIS ERP0R MESSAGE N0. 


1 - ATTEMPT T0 EXECUTE M0RE THAN 100 L00PS. 

2 - MASS MATRIX REQUIRED F0R WEIGHT AND BALANCE CALCULA- 

3 - N0 INDEPENDENT DEGREES 0F FREED0M HAVE BEEN DEFINED. 

4 - N0 ELEMENTS HAVE BEEN DEFINED. 

5 - A L00PING PR0BLEM RUN 0N N0N-L00P1NG SUBSET. 
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RIGID FORMAT DMAP LISTING FOR S0L 16, (1,7, 8, 9) 
STATIC SUBSTRUCTURE ANALYSIS PHASE I 


Subset 1 of Rigid Format 16 reduces the rigid format to a DMAP sequence 
which solves Phase I of static substructure analysis. No new modules of 
interest are included. 0UTPUT1 , DMAP No. 150, is used to transfer the reduced 
boundary matrices onto User Files from which they are recovered in Phase II. 
The compilation listing of this DMAP sequence constitutes the remainder of 
this Appendix. Subsets 7, 8 and 9 remove non-essential capabilities for the 
purposes of this presentation. These capabilities, which may be utilized if 
desired, are: 


Subset Capabi 1 i ty 

7 Structure plotter 

8 Grid Point Weight Generator 

9 Property optimization 

Appendix A contains a full listing of Rigid Format 16. 
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RIGIO FORMAT CrtAP LISTING 

SERIES N *** bASIu STATIC SUBSTRUCTURE ANALYSIS «** 

RIGID FORMAT 16 - SUBSET ONE, SEVEN, EIGHT, nil.c 

NASTRaN SOURCE PROGRAM COMPILATION 
OMAP-OMAP INSTRUCTION 
NO. 


1 

BEGIN 

NO.lo BASIC STATIC SUbSTRUCTUrvt ANALYSIS - Si.RILS N A 

2 

FILE 

LLL= T APE t 

10 

<£pT} 

GE0M1 , GE0*2» /GPL,EQEXIN,GP0T,cSTM,ooPUT,S1L/V,N,LUSET/ V,N, 
NOGPUT A 

11 

SAVE 

LUStT $ 

12 

CHrPNT 

GPL, tOEX!N,GPOT,CSTM, BGPUT , S IL * 

13 


GtOM2, EQEXIN/ECT A 

14 

CHKPNT 

ECT A 

29 


GE0MB,E3EXIN,GEOM2/SLT,GPTT/V,N,NOuRaV * 

30 

SAVE 

NOGRAV S 

31 

PAR AM 

//C,N,ANO/V,N,NOHGG/V,N,NOGRAV/V, V,v,kOPUT«-1 $ 

32 

PURGE 

MG6,MELM,M0ICT/N0MGG A 

33 

CHRPNT 

SLT.GPTT $ 

34 


ELT,EPT,BGPDT,SIL,GPTT,CSTM/EsT,bcl,cPECT,/V,N,LUSET/ V,N, 

NUS1 MP/C,N , 1 / V, N, NOGENL/ V, N,GcNcL * 

35 

SAVE 

NOS IMP , NOGENC,GFNEL A 

36 

PAR AM 

//C, N, AND/ V,N,NOELMT/V,N, NOGENL/ V,N,NUSIMP * 

37 

CONO 

ERRORA, NCELHT A 

3a 

PURGE 

KGGX,GPST/NOSlHP/OGPST/GENEL A 

39 

CHKPNT 

EST,GPECT,GEI,GPST,OGPST 1 

45 

CONO 

LttLl • NCS IMP A 

46 

PARAM 

//C*N, ADD/ V, N,NOKGGX/C, N* 1/C,N, 0 A 

47 


EST ,CSTM,MPT ,0IT,GEQM2,/KELM,KOlcT ,MELM,huitT, ,/V,N,NOKGGX/ V, 
,NQMGG/C,N,/C»N,/C, N, /C, Y, CQuPMasS/c, Y , CpomR/ C, Y, CPrGD/C, V, 
C,’WUAD!/e*Y , CP0UAU2/C| Y,CPTR1 a1/C,Y ,CPTK1 a2/ C, Y ,CPTUBE/C , Y, 
CPwOPLT/C, Y,CPTRPLT/C, YjCPTRBSC A 

46 

SAVE 

NOKbOX.NOMGG A 

49 

CHKPNT 

kelm,kotct,melm,moict a 
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I 
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RIGID FOkMAT UMAP LISTING 

SERIES N *** BASIC STM K. SUBSTRUCTURE AKALVSiS ** + 

RIGID FORMAT 16 - SUBSET ONE* SEVEN, EIGHT, NlNfc 

NASTRAN SOURCE PROGRAM CUMF1LAT ION 
OMAP-DMAP INSTRUCTION 
NO. 


50 

CQND 

51 

© 

52 

CHKPNT 

53 

LABEL 

54 

CONO 

55 

<I"Q 

56 

CHrPNT 

57 

LABEL 

62 

LABEL 

63 

EQUIV 

64 

CHKPNT 

C 5 


66 


67 

CHKPNT 

66 

LABEL 

74 

PAR AM 

77 

(GP4^ 

76 

SAVE 

79 

CONO 

60 

PARAM 

61 

PURGE 

62 

CHKPNT 

83 

CONO 

64 

<gPSP> 


jmpkgg,nokggx i 
gpect,kdict,kelm/kggx,gpst S 

KGGX,CPST I 
JMPKGG % 

JMPMGG* NOMGG i 

GPcCT » MD1CT, MELM/MGG ,/C»N,-1 /^,Y,«TmaSS*1.0 » 

MGG » 

JMPMGG ( 

LBLl $ 

kggx.kgg/nggenl t 

KvG i 

• i « < t III * 

GUGiiMf HUULHL » 

GE I, KGGX/KGG/ V,N«LUSET/ V, N, NOuENL/ V,n, NO SI MR $ 

Kk>G * 

LBLIM $ 

//C,N,MPY/V,N,NSKIP/C,N,0/C,N,0 » 

CAScCC* GE0M4 ,EQEX1N, SIL.GPOT 'RG,VS,UitT ,AStT/V,N, LuScT/ V,N, 
MPCF1/V,N,MPCF2/V,N, SINGLE/ V,.»,UN1 T/ V , N, *cmCT/ » ,U, nSr I P/V, N, 
RfcPEAT/V»N,NOSET/V,N, NQL/ V, N,N um/ C, V , SU b lu » 

MPCH.MPCF2, SINGLE .OMIT, RE ACT,. \Sa 1 P, Re Pt«T,NUSET,NUL,NOA t 

ERKUR3, NOL t 

//C.N, AND/ Y,N,NOSR/V,N, SINGLE/ V,N,KEmCT * 

KRR,KLR,0R • DM/RE AC T/GM/MPCF1/UU, xUU, LOU, PU, UOU V,RUUV/0M1T/PS , 
KFS.KSS/SINGLF/QG/NOSR $ 

KRRtKLR ,Q° ,DM,GM,GO, KGC, LOO • Pu,UGU V , kUOV * PS ,RF i ,KSS» WO » USE T, F G . 
YS, ASET S 

LBL4 , GENEL % 

GPl,GPST,USET,S1L/OGPST/V,N, nogpsi » 
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AIGIu FORHAT UMAP LISTING 

SERIES N *** BASIC STATIC SUBSTRUCTURE ANALYSIS *** 

KIk.10 FURKaT 1b - SUBSET ONE, StVfcN, EIGHT, wj i<t 

NASTKAN SOURCE PRGGRArt lUMPIL'aTION 

omap-uhap instruction 



• 


65 

SAVE 

nugpst * 

66 

COiYO 

E.BL4 , NCGPST % 

87 

QFP 

UGPSTf,,,»//V,N,CARDNG S 

88 

LABEL 

LBL4 t 

89 

EuUlV 

KGG.KNN/MOCFl S 

90 

CHKPNT 

K«,N ' S 

VI 

CONJ 

LEL<?« MPCF? S 

92 

<HHD 

USET,OC/GH s 

93 

ChKPNT 

GM i 

94 

(gcIF) 

USET ,GM , KC-G, , , /KNN, , , S 

95 

Chkpnt 

KNN a 

g* 

LABEL 

L BL 2 ' 

97 

EQUI V 

KhN.kFF/SINU.E » 

V8 

CHKPNT 

KEF i 

99 

CGNO 

LBL3, SINGLE S 

100 

d'clQ 

USfcT,KNN,, ,/KFF.KFS. S$, ff 

101 

CHKPNT 

Kf S, KSS , KFF t 

102 

LABEL 

LBL3 t 

103 

EtiUlV 

KFF.KAA/0M1T % 

104 

CHKPNT 

KAA » 

105 

CONU 

LBL5.0HIT S 

106 

dMPT) 

USET »KFF, , ,/ GO, KAA , KCCtLOO 

107 

CHKPNT 

GU,KAA,KOO,LCO t 

106 

LABEL 

LBLS t 

109 

E0U1V 

KAA,KLL/REACT » 

110 

CHKPNT 

KLL * 
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k I GI L> f UkMAT UMaP listing 

SERIES N *** BMSiC STATIC SUBSTRUCTURE ANALYSIS *** 

KIOIO EURMAT 16 - SUBSET ONE, SEVEN, EIGHT, NINE 

NASTRAN SOURCE PROGRAM COMPILATION 
OMAP-UMAP INSTRUCTION 


NO 



111 

PAR AM 

//C,N, SU9/V,N,PHASEl/C,N,0/C,Y,SUolu»0 i 

112 

CONU 

LBL7 , PHASE1 * 

113 

COND 

LBL6, REACT % 

114 

(gbMG r> 

USET , K AA, / KLL , KL R, KR R , , , S 

115 

CHKPNT 

KLL,KLR,KRR * 

116 

LABEL 

LBL6 * 

117 

(fCBMG?) 

KLL/Ltl » 

116 

CHKPNT 

LLL * 

119 

CCND 

LBL7, REACT % 

120 

RBMG3 

LLL»KlR*K«R/OM * 

121 

CHKPNT 

CM » 

122 

CAD CL 

ldl 7 i 

123 

(|SGO 

SLT , bGPDT ,CSTM,S1l,EST,MPT, GRIT, cLT,MuG, CAS LCC,uIT/PG/V,N, 
LUStT/V,N,NS*lP t 

126 

CHKPNT 

PG $ 

129 

EOUlV 

PC, Pc/NOSET » 

130 

CHKPNT 

PL » 

131 

CONU 

LbLIO, NOSET ♦ 

132 

<$]£D 

UScT,GM,YS,KFS,GO,OM,PG/OR, PO.PS.PL i 

133 

CHKPNT 

«R, PU, PStPL * 

134 

LA6U 

LBLIO » 

145 

COND 

SkIP,0“IT % 

140 


LOO, (PO/UOOVX $ 

147 

EQUlV 

UOOVX, UOOV /PHASE I % 

146 

CHKPNT 

uocv » • 

149 

LABEL 

SKIP » 

150 

(^UTPuTJ) 

aSET,XLL,PI,,//C,N,-1/C,N,0/C,Y,USkTH01 % 
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RIGID FORMAT UMAR LISTING 

SERIES N *** BASIC STATIC SUBSTRUCTURE ANALYSIS *** 

ft lull) FORMAT lu - SUBSET ONE. SEVEN, EIGHT, N,NL 

NASTKAN SOURCE PROGRAM COMPILATION 
DMAP-OMAP INSTRUCTION 
NO. 

185 JUMP FI .41 S * 

188 LABEL ERRORS t 

16V PRTPARM //C,N, -2/C, N, STATICS t 

190 LABEL ERROR? $ 


191 PRTPARM //C,N, -3/C, N, STATICS » 

192 LABEL ERROR A $ 


19 3 PRTPARM //C.N, -A/C, N, STATICS S 
196 LABEL FlNIs S 


197 ENO 


♦*NQ ERRORS FOUNO - EXECUTE NASTRAN PRUoKAM** 



APPENDIX C 


RIGID FORMAT DMAP LISTING FOR S0L 16, (2,6 ,7,8,9) 
STATIC SUBSTRUCTURE ANALYSIS PHASE II 


Subset 2 of Rigid Format 16 reduces the rigid format to a DMAP sequence 
which solves Phase II of static substructure analysis. The new modules of 
interest are SSMA, the Substructure Matrix Assembler, DMAP No. 6, and SSVE, 
the Substructure Vector Extractor, DMAP No. 166. The compilation listing of 
this DMAP sequence constitutes the remainder of this Appendix. Subsets 6,7, 
8 and 9 remove non-essential capabilities for the purposes of this presenta- 
tion. These capabilities, whi.h may be utilized if desired, are: 

Subset Capability 

6 Checkpoint 

7 Structure Plotter 

8 Grid Point Weight Generator 

9 Property optimization 


Appendix A contains a full listing of Rigid Format 16. 
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R1GIJ FORMAT UMAP LISTING 

SERIES N *** tASIC STATIC SUBSTRUCTURE ANALTSiS **♦ 

RIGlO FUKMAT 1© - SUBSET TWO, SIX, SEVEN, tlcNl, ninc 

NASTkAN SOURCE PKCGRAM COMPILATION 
DMAP-OMAP INSTRUCTION 
NO. 


1 bfcOlN 

2 FILE 

3 FILE 
5 P ARAM 



11 SAVE 

12 CHKPNT 

13 Q(-Z 

29 ( vP3 

30 SAVE 

31 PARAM 

32 PURGE 

34 C lAl 

35 SAVE 

36 PAR AM 
26 PURGE 

45 CUNO 
66 PAKAM 
6? (f HU Z) 

46 SAVE 


Nu.16 BASIC STATIC SUBSTRUCTUrtt mNALTsIS - SiklcS N A 
LLL-TAPE A 

wG»«P t, ENO/ PGG* APPENO/UGV*APP£nu/UM» Sa V E/xNN a S AVt » 

//C,U, A0D/V,N,PMASE2/C,N,0/C,N,-i » 

utOMt,UFTABL E/KGGPS, , , , PuPS , PSUAl A/ l , 1 , PKTUPT/C , Y , GERSAMt/ V,N, 
LUSET A 

LOSET A 

GE0M1, G e 0M2, /GPL «EutXlN«UPDT,CSTM,dGPO'l,' . /V,N, LOSET/ V,N, 
NOGPUT * 

LOSET A 

GPL,fcOEXlN,GPDT,CSTM,BGPOT , SlL A 
UeUM2* EQEX IN/EC T A 

GtOM3, E0EXIN«GE0M2/SLT . f.PTT / V ,N.N. .Got V » 

NOGRAV a 

//C, N, AND/ V, N,NCMGG/ V,N,NOGRAv/ V, V , ©PliPNT*“1 A 
AGO, HELM*** 01 CT/NOMGG A 

ECT,£RT , BGPDT ,SIL,GPTT,CSTM/EST ,ot 1 , ©P tCT , / V, N, LoSt T/ V,N, 

NOS1MP/C,N,1/V,N,NOGENL/V, N.GcNcL A 

NOSIrtP, KOGENL, GENE l A 

//t , N, AND/ V, N, NOELMT / V,N»NOGEhL/ V , NtNOSlMP A 
RGGXfGP ST/NOSI MP/OGP ST/GENE L A 
LdLl,N r StMP A 

//C.N, A00/V,N,NOKGGX/C,N,1/C.N,0 a 

tST,CST*<,MPT,ClT,GE0M2,/RELP,RuKT,MtLM,MuILT , V , N, NOAGGX/ V, 
K.NJ.lGG/C.N, /C,N,/C,N,/C, < , COoPNASS/L , V.Lpomk/C.Y ,cPhOU/C, V, 
CPOuAI! /C» Y, CP0UAJ2 /C, Y,CPTRIa1/c,T,«.PTR1a 2/ C, V ,CPTU6t/C. V , 
CPWOPLT/C, V.CPTRPLT/C.Y.CPTRoSc A 

NORGGXtNUMGG A 
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RIGID FORMAT U.1AP LISTING 

ScKlcS Ft **• bxSR STiTIC SUBSTRUCTURE ANALYSIS **«• 

RIGID FORMAT It - SUBSET Tt,n, Six, SLVEN, cl..,T, .,1 Nc 

na^tran source program lumpil'atjun 

DMAP-uMaP INSTRUCTION 
NO. 


50 CUr»U 


53 LAbEL 


JMPxvjG.NOXGGX t 


51 ( £ma 3 ) gpect.rcict.kelm/kgcx.gpst a 


iMPxGG t 


54 CGkO 


JMPMGO.NOMGG t 


55 ( fcMA~^ ) GPfcCT,M01CT,M?lM/MGG,/CiN,-l/w»ir*».TN-*S4«1.0 A 


5 7 LAbEL 


€>2 LAbEL 


63 tUJlV 
o5 CUNO 


66 CSHA 3 


66 LABEL 


71 EOUlV 
76 PARAM 

75 3UNP 

76 LABEL 

77 (JpO 


70 SAVfe 
79 CCi\0 

60 PARAM 

61 PURGE 


jmpmgg * 


LBL1 t 


XGGX.KGG/NOGENL » 

LdLl 1 A ,N0CENL * 

uE l,XGGX/KGG/V,N,LUSET/V,N,NOuc.L/ V,N,NuSiHP % 

LbLllA » 

RUG tkGGPS/XGGT « 

KGGT.KGG/PHASEZ * 

//C,N,MPY/V,N,NSMP/C»N,0/C,N,0 6 
LBL11 * 

LbLU 6 

CASECC • GEOMA ,EQFXlN,SlL,GPOT / rO, *S, U itT , aslT/v,N,lUSLT/ V,N, 
MPCE1/V.N,MPCF2/V, N, SINGLE /V,.t,UM.I/Y ,N, kt aLT/¥»N,NSaIP/V,N, 
KLPEAT/V,N,NOSET/V,N»NCL/V,N, i'Iua/L, Y » S ubiO » 

MPCP1, MPCF2, SINGLE, OMIT, RE ACT, ASM P,aLPLAT,NUSET,NuL,NOA 6 
ERRuRS *NOl 6 

//C.N, ANC/V,N,NOSR/ V,N, SINGLE/ V.N.KtACT » 

RRR» At P.GR , OM/R FAC T/ GM/MPCF i/wU»AUU ,LOU, P ujUOOV ,kUQV/GMI 1/ PS» 
XPS.XSS/SINGLE/OG/NOSR 6 


AuG,KNN/MPCF1 6 
LBLi.MPCFZ f 
USE i ,PG/GM 6 


«♦ (mc77~} USEI,GM,«GG,,,/KNN,,, 6 


•9 EUUIV 
91 CONU 


92 (MC cl 
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RIGIO t-QRMiuT uMA? LISTING 

SERIES N *** bASIC STATIC SUBSTRUCTURE ANALYSIS *** 

RIClU FORMAT lfc - SUBSET TkO, SIX, SEVEN, lIGHT, Mint 

NASTRAN SOURCE PROGRAM COMPILATION 
UMAP-UMAP INSTRUCTION 
NO. 


96 

LA Dl l. 

LBL2 1 

97 

ECU IV 

RNN.RFF/SINGLE i 

99 

COMO 

LbtS, SINGLE t 

100 

<sciQ 

USET , KNN, ,,/KFF,KFS,KSS,,, i 

102 

LAuEl 

LBL3 i 

103 

EQUIV 

KFF.RAA/OMIT S 

105 

CONO 

L6L5 , OMIT S 

106 

(smpQ 

oSET ,KFf , , ,/GO, RAAtKCC, LOU, , , , , » 

103 

t.ABEL 

LBL5 * 

109 

6U0I V 

RAA.KLL/REACT $ 

*13 

.ONO 

L6L6,REA r T t 

li4 

^onOQ 

v.ScT ,KA«, /KLL , RLE., RRR , , , i 

116 

LABEL 

LBL6 * 

117 

CgdMGj) 

KLL/LLL $ 

119 

CUNO 

LBL7, REACT $ 

120 

(gbMGp 

lll, xlr, krr/om $ 

122 

CAotL 

LBL7 t 

123 

(SsoT) 

SLT , BGP0T,CSTM,SIL«EST,HPT , GPTT , tuT ,MGG,CASLCC ,01 T/PG/V,N, 
LUSE T/ V,N, KSiCT f $ 

125 

A 00 

PG.PbRS/PGT * 

126 

tOUlV 

PGT.PG/RHASE2 » 

129 

EOUI V 

PG.PL/NOSET $ 

131 

COiSl' 

LoHU, NOSET t 

132 


USET, GM,YS,KFS,GO, OM,PG/OR,PO,PS,PL * 

136 

LABEL 

LBL10 » 

136 

CssgT^ 

LLL, KLL , PL ,L CO, KOQ, PQ^ULV * UCOv , RUL V , huUV/ V , N,UMIT/V,V,IRES«~ l/ 
V, N, nSKI P/ V, N, EPSI S 


•* 




<t» * 



361 


Mm*. 


APPENDIX C 


i 



RIGIO FORMAT uMAP LISTING 

SERIES H *** BASIC STATIC SUBSTRUCTURE ANALYSIS *** 

RIGIO FORMAT 16 - SUBSET TWO, SIX, SEVEN, clUhT, ,4lNE 

M A S T k a N SOURCE PROGRAM COMPILATION 
OMAP-OMAP 1 NSTk oCTI ON 


NU« 



137 

SAVc 

EPS1 S 

139 

C0N0 

LBL9, IRES t 

1*0 

MATGPR 

GPL«USET,SIL, RUL V//C , N,L t 

141 

MATGPR 

GPL,USET,SIL,*U0V//C,N,0 » 

142 

LABEL 

LBL9 t 

136 

<$qrT> 

GSET,PG,ULV,UOOV,YS,GO,GM,PS,rFS,KSS,wR/GuV,PGG,OG/V,N,NSK1P/ 
C,N, STATICS $ 

158 

CONO 

CBL6. repeat s 

159 

REPT 

LBLll, 100 $ 

lbO 

JUMP 

ERR0R1 t 

161 

PARAM 

//C,N,NOT/V,N,TEST/V,N, REPEAT > 

162 

CONO 

ERROR* , TEST t 

163 

LABEL 

LBL8 t 


PSOATA,,UGV// % 

168 ( guR2^ ) LAsECC «CSTM, MPT , 01 T, EQEXI N, SlCtOPT T , c UT, BOPoT , , UG ,UBV «EST , ,PGG/ 
UPG1 , OOGT,OUGVl,OESl,OEFl,PUGvl/L,N,jlATtCS * 

176 PARAM //C.N,MPY/V,N,CARONU/C,N,0/C,N,0 » 

175 OFP UUGV1, 0PG1 «OQG1«OEF1,GES1,/ / V,m,uARimO t 

176 SAVE CaRONO t 

185 JUMP FINIS S 

186 LA.-EL EKRuKl * 

107 PRTPARK //C,N, -1/C, N, STATICS % 

188 LABEL EKRUR2 t 

189 PKTPARM //C, N, -2/C ,N, STATICS * 

190 LABEL ERR0N3 t 

191 PRTPAKH //C,N,-3/C,N, STATICS $ 

196 LABEL ERRORS * 
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RiulD FORMAT CHAP LISTING 

StRlES N *** dASIC STATIC SUBSTRUCTURE ANALYSIS 

RIGID FUKMmT 16 - SUBSET TWO, Six, SEVEN, tIv»HT, .UNE 

N A S T R A N SOURCE PROGRAM COMPILATION 
DMAP-DMAP INSTRUCTION 


* 

NO. 



r 

19 5 

PRTPARM 

//CtN*-5/CiN, STATICS $ 

: 

196 

CAdEL 

UNIS $ 


19 7 

END 

% 


**NO ERRORS FOUND - EXECUTE NASTRAN PRcuKAM** 


, 
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RIGID FORMAT DMAP LISTING FOR S0L 16,0,6,7,8,9) 


STATIC SUBSTRUCTURE ANALYSIS PHASE III 


Subset 3 of Rigid Format 16 reduces the rigid format to a DMAP sequence 
which solves Phase III of static substructure analysis. I - new module of 
interest is UDBR, the User File Data Block Recovery, DMAP No. 152. The com- 
pilation listing of this DMAP sequence constitutes the remainder of this 
Appendix. Subsets 6,7,8 and 9 remove non-essential capabilities for the 
purposes of this presentation. These capabilities, which may be utilized if 
desired, are: 


Subset 


Capability 


6 Checkpoint 

7 Structure Plotter 

8 Grid Point Weight Generator 

9 Property opti mi zati on 


Appendix A contains a full listing of Rigid Format 16. 
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RIGlU FCjkMaT UMAP UST’NG 

SERIES N *** 0AS1C STMIC SUBSTRUCTURE analysis *** 

tvlGlU FORMAT lo - SUBSET THREE, SIX, SEVEN, clGHT, NINE 

NASTRAN SOURCE PROGRAM COMPILATION 
OMAP-OMAP INSTRUCTION 
NJ. 


l 

6801 N 

NO. 16 BASIC STATIC SUBSTRUCTURE ANALYSIS - StRlLS N * 


l 

FILE 

LLL»T4PE t 


10 

(SpIQ 

GcOMl,GEOM2,/GPL,EvlEXlN,GPOT,CSTK,ouPuT,SlL/V,N,LUStT/ 
NOGPUT S 

V, N, 

11 

SAVE 

luset % 


J 2 

CHKPNT 

GPL,EOEXIN,GPDT,CSTM,BGPOT,SIL * 


13 


G£UM2,gQEXIN/ECT $ 


29 

<§p T^j 

u tOM3,EQPXlN,GEOM2/SLT,GPTT/V,N,NOGR~V » 


30 

SAVE 

NOGRAV * 


31 

PAR AM 

//C, N« AND/ V, N.NOMGG/ V,N» NOGRAV/ V,Y,GK0PNT*-1 % 


32 

PU*GE 

MGG,MELM,MOICT/NOMGG % 


34 

<TaT^) 

lCT,EPT,9GP0T,SIL,GPTT,CSTM/EsT,olI,GPECT,/V,N, LUSET/ 
NOS I M p /C*N»1/V*N,N0GENL/V» N »GcNtL * 

V, N, 

35 

SAVE 

NOS IMP ,NOGENl,GENEL * 


36 

PARAM 

//C,N»AND/V,N,N0ELMT/V,N,N0GENL/V,N,NGS1MP * 


37 

CONO 

ERRORA ,NOFLMT t 


38 

PURGE 

KGGX,GPST/NOSIMP/OGPST/GENEL » 


45 

CONO 

LbLl.NOSTMP $ 


46 

PARAM 

//C ,N , ADD/ V» N, NOKGGX/CtN, l/C , N» 0 » 


47 

(jMG '3 

EST«CSTM,mpT,DIT,GEOM2,/KEv«*aO1lT,McLM,M0IgT, ,/V,N,NOKGCX/ V, 
N, NuMGG/C ,N,/C,N,/C, N, /C, Y, CE uPMaSS/C, Y ,LP BAR/ C,Y ,CPkOO/C,Y, 
CP0UAD1 /C, Y,CP0UAu2/C»Y,CPTR.m./Ci Y.cPTRUi/ G,Y,CPTUBE/L,r, 
CPOOPLT/C, Y, CPTPPLT/C, YtCPTRBSc » 

48 

SAVE 

NOKGGX,NOMGG » 


50 

CONO 

JMPKGO, NOKGGX » 


51 

C|mF^ 

6PECT,KD-!CT,KELP/XGGX,GPST $ 


53 

label 

jmpkgg t 


54 

CONO 

JMPMGG,N0MGG s 
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RIGID FORMAT DMAP LISTING 

S£RltS N *** bASIC STATIC SUBSTRUCTURE ANAtTali **♦ 

RIGID FORMAT lo - SUBSET THREE, SIX, SEVEN, cIGHT, NINE 

NASTRaN SOURCE PROGRAM COMPILATION 

omap-omap instruction 
no. 


55 


CPECT t MOTCT,MELM/MGG,/C,N,-l/C,Y,*.T MASS* 1.0 * 

57 

i 

LABEL 

JMPMGG A 

62 

LAbEL 

LBL1 A 

63 

EOUIV 

KGGX.KGG/NOGENL s 

6 5 

COND 

LBL11A.N0GENL A 

66 

(aMA3^) 

GE1 , XGGX/KGG/ V,N*LUSET/V, N, NOutNL/ V ,ft, NOSI MP A 

68 

LABEL 

LBL 1 1 A t 

74 

PAR AM 

//C*N»MPY/V*N»NSKIP/C»R,0/C,N,0 * 

77 

i 

i 

f 

<g~P4 2? 

CAStCC * GEO MA , EQEXI N, S1L,GP0T/*C, YS.UScT ,«S£I/ V,N, LUSET/ V,N, 
MPCF1/V,N,MPCF2/V, N, SINGLE/ V ,N,uMi T/V«N,REmCT/V,I«,NSKIP/V,N, 
KtPE AT / V,N .NOSE't /V,N, NOL/V , N,i,uA/C, Y, oUb lu A 

7b 

SAVE 

MPCF1 , MPCF 2, SINGLE, OMIT, REACT, NSiU P.REPt AT , NOSET, NUL.NOA A 

i i 4 

LUND 

tKKUrtS , nOl V 

i 80 

PAR AM 

//C.N* AND/ V,N,NOSR/V,N, SINGLE/ V.N.REmCT A 

81 

PURGE 

KRR.nLP tO 1 * , DM/P. E ACT/ GK/MPCF l/oO,RUu, lOu, PU, UOO V, ROOV/OMI T/PS , 
KFS,KSS/STNGLE/QG/NOSR A 

83 

i 

CONU 

LbL4, GENEL A 

84 

(gPSP^? 

cpl,gpst,uset,sil/ogpst/v,n,nugpst ( 

65 

iAVE 

NOGPST A 

86 

CONO 

LBL4.N0GPST » 

67 

OFP 

OGPST ,,,,«//V,N,CARDNC A 

j 88 

LABEL 

LSL4 A 

o* 

CO 

EUUlV 

KGG, KNN/MPCF 1 A 

; « 

CONO 

LBL2.MPCF2 A 

92 


USET, B G/GM A 

9** 

CgCE'O 

uset,gm*,kgg, ,,/knn,,, A 

i 96 

LA8EL 

LBL2 A 


£001 V 

KNN.RFF/SINGLE A 

366 
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RIGID f ORIAT UMAP listing 

SERIES N *** BASIC STATIC SUBSTRUCTURE ANALYSIS *«* 

RIGID FORMAT 16 - SUBSET THREE, SIX, SEVEN, tiOHT, NINE 

NASTRAN SOURCE PROGRAM COMPILATION 
OMAP-DMAP INSTRUCTION 
NO. 


99 

CONI) 

LBL3, SINGLE * 

100 

<SuD 

USET ,KNN», ,/KFF,KFS,KSS»,, % 

102 

LABEL 

LBL3 * 

103 

EGUIV 

KFF.KAA/OMIT i 

105 

CONO 

LBL5.0MIT t 

106 

CsmpQ 

USET ,KFF, , , / GO, KAA,KGC, LOO, , , , , 1 

106 

LABEL 

LBL5 t 

109 

EfcUlV 

KAA.KLL/REACT s 

113 

CONO 

LBL6 , c E ACT S 

114 

(RVmgT) 

OSET,KAA,/KLL,KLP,KRR,,, $ 

116 

LABEL 

LBL6 S 

117 

(ITbHG?') 

KLL/LH i 

119 

CONO 

L8L7, REACT S 

120 

CgBMGD 

LLL,ALR,KRR/DM 1 

122 

LABEL 

LBL7 S 

123 


SLT, BGPOT,CSTM,STL,EST ,MPT , GPTT , tOT ,MuO,LASECC, 01 T/PG/V, N, 
LUScT /V,N,NSKTp $ 

129 

EQU1V 

PG.Pc/NOSET » 

151 

CONO 

LBL10, NOSET $ 

132 

(pcT) 

OSET,GM,YS,KFS,GO,OP,PG/OR,PO,PS,PL * 

134 

LABEL 

L6L10 i 

136 

(SS63~^) 

LLL,iLLL,RL,LCO,KOO,PO/ULV,UCOV,ROLV,ROOV/V,iI,OHIT/V,V,1RES— 1/ 
V,N,NSMP/V.N,EPSI % 

137 

SAVE 

EPS! » 

139 

CONO 

LBL9, IRES t 

140 

MATGPR 

GPL, USET, S1L,RULV//C,N,L » 

141 

HAT CPU 

GPL, USET,S IL ,RUflV//C i N,0 % 
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RIGID FORMAT DMAP LISTING 

SERIES N *** b^.Sl C STATIC SUB STRUC TUKt ANALYSIS ♦ ♦* 

RIGID FORMAT 16 - SUBSET THREE, SIX, SEVEN, LIGHT, MNc 

NASTRAN SOURCE PRGGRAM COMPILATION 

omap-dmap instruction 

NJ. 


LBL9 * 

//C, N, ADD/ V, N»PHASE3/C»N,0/C*N,-1 i 
/ULVX,’,,,/C,Y,SUBID/C,Y, UNlT/c, T,OSRTPID2 * 

OLVX.ULV/PHASE3 $ 

USET,PG«ULV, UOOV , YS , GC, GM, PS , KFS,KSS,«K/ UoV ,PGG»wG/V,N*NSKIF/ 
C,N, STATICS * 

//C»N,NOT/V,N,TEST/V,N, REPEAT * 

ERRORS, TEST % 

CaSECC,CSTM,NPT ,OIT,EQEX1N,SIL,gPTT , tOT, bGPOT *,GG,UGV,EST, ,PGG/ 
OPG1 ,OOG1 , OUGV1, CES1 , CEF1, PUGVi/C, N, ST AT ICS A 

//C.N,MPV/V,N,CARDNO/C,N,0/C,N,U * 

0UCVl*0®01 tOOGl , 0EF1«GES1«//V, n,CaROi«Q a 

CAP.L'HO * 

FINIS t 

ERROR? ( 

//C.N,-2/C»N, STATICS t 
ERROR? * 

//C,N, -3/C, N, STATICS * 

EKROR4 t 

//C,N, -4/C, N, STATICS * 

ERRORS t 


142 

LABEL 

151 

PAR AM 

^52 


153 

EbOlV 

156 

QorQ 

161 

PARArt 

162 

CUNO 

168 

(SORT} 

174 

PaRAM 

175 

OFP 

176 

SAVE 

lb5 

JUMP 

166 

LABEL 

189 

PRTPARM 

190 

LABEL 

191 

PRTPARM 

192 

LABEL 

193 

PRTPARM 

194 

LABEL 

195 

PRTPARM 

196 

LABEL 

1V7 

ENO 


**NO ERRORS FOUND - EXECUTE NASTRAN Program*# 
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RIGID FORMAT DMAP LISTING FOR S0L 17, (2, 6, 7, 8) 
NORMAL MODES SUBSTRUCTURE ANALYSIS PHASE II 


Subset 2 of Rigid Format 17 reduces the rigid format to a DMAP sequence 
which solves Phase II of normal modes substructure analysis. The new modules 
of interest are SSMA, the Substructure Matrix Assembler, DMAP No. 5, and SSVE, 
the Substructure Vector Extractor, DMAP Nc. 127. The compilation listing of 
this DMAP sequence constitutes the remainder of this Appendix. Subsets 6, 7 
and 8 remove non-essential capabilities for the purposes of this presentation. 
These capabilities, which may be utilized if desired, are: 


Subset 


Capabi 1 i ty 


6 

7 

8 


Checkpoi nt 

Structure Plotter 

Grid Point Weight Generator 
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RI»*10 FORMAT CMAP t. 1ST * NO 

SERIES N bASlC NORMAL MOOES SUbSTRUC TlMt aNaLYSI.* *** 

RIGID FORMAT X7 - SUBSET TwO, SIXi SEVEN, tiOfil 

N A S T k A N SOURCE PROGRAM COMPILATION 
OMAP-JMAP INSTRUCTION 
NO. 



10 SAVE 
12 ( £P 2 3 ) 


I'.O.l 7 BASIC NORMAL MODES SUBSTRulTumc ANALYSIS - SERIES N » 
LLL-TAPF i 

//C,N»AOD/V,N, PHASE2/C * N» 0/C *Ni - 1 A 

0c 0M4,UFTABCE/KGGPS,MGGPS,» *,PS0ATA/Ct Y.PKTOPT/C, Y,G lNSAME/V,N, 
LUSuT A 

LOSET $ 

KGGPS,MGGPS,PSDATA $ 

oEUMl » GE0M2, /GPL «E4EXlN«GPGT,iSTMt oGruT ,SIL/V,N,LUSET/ V,N, 
NOGPOT $ 

LOSET * 

CEUM2, EQEXlN/ECT % 



31 SAVE 
«2 PARAM 

33 CONG 

34 PURGE 

36 CUNO 

37 PARAM 

38 PARAM 

39 


40 SAVE 

42 CUNO 

43 < jMA 


rocvtti rrmiM y 


• • I fit 9 IIOUlNM « 


tCT,ERT t ftGPDT,SlL,GPTT f CSTH/EsT,GtI.«PfcCT,/V,N, LOSET/ 
NUS1MP/C*N*1 /V,N,N0GENL/ V, NiGcNEl % 

NOGENL « NOS IMP, GENE L $ 

//C,N, AOD/ V* N*NOELTS/ V»Ni PHASt2/ V* NtNOSlMP % 
tRRURl ,NOELT S $ 

KGGA i G°ST , MGC./NOSf MP/CGPST /GENEL i 
LBLltNCSTMP I 


V.N, 


//C.N.AOD/V,N,NO«GGX/C.N,1/C,N,0 » 

//C,N, ADO/ V, N, NOMGG/C , N* 1/C , N,0 t 

EST,CSTM,MPT t OIT,GEOM2»/KkLM,RwlLT,McLM,MOiLT, t/V,N,l OKGGX/ V* 
N,NUMGG/C,N,/C,N,/C,N,/C,Y,COvPMasS/^, Y .Cm BAR/ C, Y , CPkOO/C, Y, 
CP0OA01/r,Y,CP0U4O2/CtY*CPTRlAi/C.Y,CPTKlAi/ C, Y ,CP 1 UBE/C , Y, 
CPOOPLT/C, Y,CPTP.PLT/C|Y,CPTRBSC * 

NUNGGXi NOMGG i 

JMPKGGt KOKGCX i 

GPECT , KDICT, XELM/kGG X«GPST S 


370 
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Moll) fORMAT UMAP LISTING 

StRIfcS N *** CASIO NORMAL MOUfS SUESTRUCTUkt ANALYSIS •** 

R 1GIJ FUrMAT 17 - SUBSCT TWO, SIX, SEVEN, ti^riT 

NASTRAN SOURCE PROGRAM CUMPIl'aT ion 
JMAP-DMAP INSTRUCTION 


NO* 



45 

LAdEL 

JMPKGG i 

46 

CO NO 

ERR0R1 ,10‘TGG » 

47 


UPEC f , MCK . ,PELM/*GG,/C,N,-1 /u,V,«TMmSS»1.0 S 

52 

LABEL 

LULL » 

53 

EOUI V 

KoGX, KGG/NOGENL 1 

54 

ChKPhT 

KuG A 

55 

COND 

LBL11 , NOGSNL S 

56 

(JhaT) 

CEl,K.GGX/KGG/V,N,LUSET/ V,N,NGucNL/ V,N,NI»S1MP A 

56 

LAotL 

LBLU * 

60 

AOO 

RGG, KGGPS/KGGT » 

61 

EOUIV 

KGGT.KGG/PHASE2 $ 

63 

A DC* 

mijij, ftr.r.o*. /mijg t * 

64 

EOUlV 

MUGT,MGG/PHASE2 i 

65 

CHXPNT 

MUG > 

67 

PARAM 

//C , N« MPY/V,N»NSKl P/C , R' , 0/C ,N, 0 » 

66 


CASfeCC , GSOMA ,EOEXI N, SIL*GPOT/ hU, , oSET , ASET/ V, m, LUSET/ V,N, 
MPC c l/V,N,KPCF2 /V,N, SINGLE/V,m,UMIT/V,N,REmUT/V,N,NSMP/V,N, 
REPEAT /V,N,NOSET/V,N, NGL / V , N*muA/ t » V ,»UbiU » 

o9 

SAVE 

HPCf 1,MPCF2, SINGLE ,0M1 T, REACT, hSM P, REPEaT ,NOSET , NOL.NOA % 

70 

CUNO 

ERROR?, NOL * 

71 

PURGE 

KRR, XLP, OP, NLP, PR/RE ACT/GH/NPCFi/ wU/UMlI/AES/ S 1NGLE/W&/ RUSE. 

79 

EOUIV 

XGG,KNN/MPCP 1/PGG, MNN/NPCF1 * 

81 

COND 

LBL2.MPCF2 t 

62 

<5£iD 

USEI ,rg/gm $ 

64 

(gctT!) 

LSET,GM,XGG,NGG,./RNN,MNN,, t 

66 

LABEL 

LBL2 t 

87 

EOUIV 

XNN*XFF/SINGLF/PRN, MFF /SINGLE A 
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RIGID FOAMAT UMAP LISTING 

SERIES N *** tASIC NORMAL MOOES SUBSTRUCTURE aNaLVSIS *♦* 

RIGID FUkMAT 17 - S03 S e T TwO, SIX, SEVEN, EIGHT 

NASTRAN SOURCE PROGRAM COMPILATION 
DMAP-JMAP INSTRUCTION 
NO. 


89 

CCJND 

LBLB, SINGLE t 

90 


UiET,KNN,MNN,,/KFF,KFS,,KF.',» A 

92 

1 ABEL 

L BLi * 

93 

EQUIV 

Kf-F.KAA/r^IT * 

94 

EQUl V 

MFF.MAA/OMIT t 

96 

COND 

LBLS.OMIT a 

97 

(ImpO 

lset,kff,,,/go,ma,koc,loo,,,,, A 

99 

(jMP2^) 

GSET,GO,MFF/MAA A 

101 

LABEL 

lbls * 

106 

CCNO 

LdLo.BEACT $ 

107 

^bHuT) 

USET,KAA,MAA/KLL ,«LR,KRR,RLL,MLK,MRK a 

109 


ULL/Ltt 9 

111 

(rbngJ) 

LLL, ALP ,KRR/ CM t 

113 

<&bmg?) 

OM,MLL,MLR,MpR/MR a 

115 

label 

LBL6 * 

116 

(gpu ^ 

OVNAMtCS.GPL , SI L, USE T/GPLO, S ILO, USETu ,,,,,,, LEO, toutN/V.N, 
LUSET/Y',N,LUSETO/V,N,NOTFL/V,N,NouLT/V,N,raGPSDL/V,N,NOFAL/ V, 
NtNoNL FT / V,N,NOTRL/V , R*NGc tO/c » N« / V ,W,NUUE A 

117 

SAVE 

NOEEO A 

116 

CGNU 

ERROR?, NOEEO * 

120 

^emQ 

KmA, MAA ,MR , DM, EE 0, USE T, CASECC/ LaMm ,Fhl A, Ml , CL 1 GS/C , N, MOOES/V , N , 
NE1GV S 

121 

SAVE 

NEIGV A 

123 

f ARAM 

//C,N,MPy/ V,N,C AR0NO/C,R,0/C ,N,0 A 

124 

QFP 

LAMAfOEtGS,. ,,//V,N,C aRONO A 

125 

SAVE 

CaKunO A 

?27 


PSOaIA.LAMA.PHU// a 

133 

CtiNO 

unis.neigv a 


3i 
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R 101 J PJaRmT uMAP L 1 ST t NO 

SERIES N **• BASIC NC^AL MOOES SUdSTRoCTUKE ANALYSIS *»* 

RIGi J FORMAT 17 - SUBSET ThO, SIX, SEVEN, tluhl 

N A S I R A N SOURCE PROGRAM COMPILATION 
OMAP-OMAP INSTRUCTION 
NO. 


134 


uSET , , P ! 1 A , , , GO, OR • , XP S , t / PHI u, , ww /C» N , 1 /C ,N, Rt 1 U A 

136 

PAAAM 

//C,N, SUA/V,N,SCALAR/V.N*SIL/V,N,LUScT s 

137 

EC'JIV 

sil, si p/scflar/ropct , eopop/scALAK > 

139 

CUNO 

LbLT , scalar $ 

140 


facPul, SlL/BOPDP,SlP/V,N,LUSET/V,l.,LuitP A 

141 

SAVE 

LUSEP * 

143 

LABcL 

L6L7 t 

146 

($0*0 

CASEcC ,CST M,MPT ,D1T ,E2EXlN, S 1 L, « , oGPOP , L AM A, ck»,PHlG, EST , ,/ 
UjG 1,0PHK,,0ES!,0EP1, rPH10/C,N,K£.lb A 

149 

Of? 

OPHl G«0QG1 «OEFl,OeSl» , / / V, N,C mRuMj % 

150 

SAVE 

CARU-vO t 

156 

JUMP 

FINIS * 

157 

LAdEL 

ERROR \ * 

156 

PRTPAkM 

//C,N,-l/C,N, MOOES i 

159 

LABEL 

ERROR? t 

160 

PRTPAA* 

//C.N,-2/C,N, MOOES 1 

161 

LABEL 

ERROR? i 

162 

PR f FARM 

//C,N,-?/C,N, MOOES » 

163 

LAoEL 

FINIS t 

164 

EMO 

» 


••NO ERRORS FOUND - EXECUTE NASTRAN PkuORaM** 
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UFTABLE USAGE W T TH RIGID FORMATS 16 AND 17 


Subset 0 requires a dummy form of the direct input table UFTABLE as 

shown: 


DTI 

UFTABLE 

0 








DTI 

UFTABLE 

1 

DUMMY 

DATA 

F0R 

SUBSET 1 



ZER0 

ENDREC 



Subsets 1 and 3 do not need or use UFTABLE. 

Subset 2 requires UFTABLE for information about the Phase I user files. 
Identification of identical substructures, and, if desired, a user defined 
label for the coupling phase output user file. The content of the table will 
vary depending on where the Phase I materials were generated (e.g., Rigid 
Format 16 subset 1 or Rigid Format 1 with alters). The minimum data require- 
ments are illustrated in example a. below with example b. showing the form 
for Identifying items generated by rigid formats other than the coupling 
phase rigid format. 

EXAMPLE a. (four substructures, N*4) 


Card 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

1 

DTI 

UFTABLE 

0 

4 

16 



■ | 

1 i 

2 

DTI 

UFTABLE 

1 

2 


1NP1 

W1DGET02 

I I 

EflDREC 


3 

DTI 

UFTA3LE 

2 

4 


INP2 

WJ0GET04 

II 

ENDREC 


4 

DTI 

UFTABLE 

3 

6 

mm 

1NP3 

WIDGET06 


ENDREC 


5 

DTI 

UFTABLE 

4 

9 

H 

INP4 

WI0GET09 


ENDREC 


6 

OTI 

UFTABLE 

it : 



1NPT 

WDGTPH2 


ENC.:EC 



EXAMPLE b. (five substructures, N»5) 


Card 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

DTI 

UFTABLE 

0 

5 

17 





♦A00 

4 . 

OTI 

UriABLC 

1 

10 


i»pi 1 

GRCUP4 


ENDREC 

♦A01 

3a 

Dll 

UFTABLE 

2 

13 


INP4 

PLT4 

104823 

NAMES 

♦AO' 

3b 

+A02 

A 

AS 138 

K 

KLL13 

M 

M134P 


ENDREC 

♦AO 3 

4 

DTI. 

UFTABLE. 

3_ 

23 

i;__ 




ENDREC 

♦AO 4 

5 

DTI 

UFTABLE 

4 

16 

10 




ENDREC 

♦;os_ 

6a 

DTI 

UFTABLE 

5 

237 


IMP3 




♦A06 

6b 

+A06 

A 

3 

K 

1 

M 

2 


ENDREC 

♦AO 7 
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a 

» 


Remarks : | 

1. Card 1 defines the trailer for UFTABLE. Field 4 specifies that the i 

table has N substructures. SSMA will use the information in field 5 ji 

to recognize that the tables were prepared for use with Rigid Format | 

; 16 and 17 for examples a and b respectively. f 

| 

2. Cards starting with card 2 define records 1 thru N of UFTABLE, where j 

\ N is the number of substructures. Field 4 gives the substructure j 

‘ identification number for use with the Phase II SAME bulk data cards 

• and the Phase III data recovery module UDBR. Field 6 gives the GIN0 

file name for the User File containing the data for each substructure. 

Field 7 contains the User File Label for SSMA verification. Field 8 
contains an optional tape reel identification number. 

3. Optional data (shown in example b on card 3) is input whenever the 

data blocks required are not in the expected order on the User File 

as defined by the convention established for the Rigid Format being 
utilized. In the example, the ASET data block has the name AS13B, 

the stiffness matrix has the name KLL13 and the mass matrix has the i. 

name M134F. | 

4. In example a, card 6 defines the User File Label and GIN0 file name ! 

to be used by SSVE when writing the Phase II output onto a User File. I 

In example b, since five substructures are present and no card 7 is 

input, default values will be automatically implied. 


i 



7 ** 


*> 


375 
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SAMPLE PROBLEM DATA DECK LISTING 


As an illustration of the automation that is introduced as a result of 
this new capability, the example used in the NASTRAN User's Manual (reference 
2, p. 1.10-2 (6/1/72)) will be presented here. The sketch below shows the 
model for the problem being solved. 



cpr ©i © ® . 

3 * bj 0 * nr^ 


Substructure 2 

1© ©I © © 

' Lu lj ’ nrA 

« — 4 * — \ 

® © © 

(D Grid point numbers 
[3] Element numbers 
® - 6.096 m (240 In) 


Substructure 1 


© © © 


k- 


TT 


(D 




T~r 

LLJ 




F. = 207 GPa (30 x 10^ psl) 
l = 2.08 x 10~ 4 m 4 (500 in 4 ) 
P = 4.448 kN (1000 lb) 
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The following data deck is used for Phase I of substructure 1: 


ID PHASE 0NE $ 

TIME 2 

CHKPNT YES 

APP DISP 

SOL 16,1 

CEND 

TITLE = PHASE 0NE - SUBSTRUCTURE 1 - RIGID FORMAT 16 
SPC = 101 

BEGIN BULK 

ASET 3 126 

CBAR 1 10 

CBAR 2 10 

GRID 1 

GRID 2 

GRID 3 

MAT1 11 30. +6 

PARAM SUB ID 10 

PARAM USRTPID1 BEAMS 1 

PBAR 10 11 

SPC 101 1 

ENDDATA 


1 

2 

1.0 


1 

2 

3 

1.0 

345 

1 

ro 

o 

• 



345 


480. 



345 



60. 500. 

12 


377 


APPENDIX 6 


1 1 i owi ng 

data deck 

is used 

for Pridbe I uf 

^ I ^ ^ ^ t 1 IA a O 1 

utlui C . 


ID 

PHASE 0NE $ 





TIME 

2 






CHKPNT 

YES 






APP 

DISP 






S0L 

16,1 






CEND 







TITLE = 

PHASE 0NE 

- SUBSTRUCTURE 

2 - RIGID F0RMAT 16 


SPC = 201 






L0AD = ; 

202 






BEGIN BULK 






ASET 

3 

126 





CBAR 

3 

10 

3 

4 

1.0 


CBAR 

4 

10 

4 

5 

1.0 


CBAR 

5 

10 

5 

6 

1.0 


F0RCE 

202 

3 


1000. 

- 1.0 


F0RCE 

202 

4 


1000. 

- 1.0 


GRID 

3 


480. 



345 

GRID 

4 


720. 



345 

GRID 

5 


960. 



345 

GRID 

6 


1200. 



345 

MAT1 

11 

30. +6 





PARAM 

SUB ID 

20 





PARAM 

USRTPID1 

BEAMS 2 





PBAR 

10 

11 

60. 

500. 



SPC 

201 

6 

2 




ENDDATA 
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The following data deck is used for Phase II. 

ID PHASE TW0 

TIME 2 

APP DISP 

S0L 16,2 

CEND 

TITLE = PHASE TW0 - RIGID F0RMAT 16 
BEGIN BULK 


DTI 

UFTABLE 0 

2 

16 



DTI 

UFTABLE 1 

10 

INP3 

BEAMS1 

ENDREC 

DTI 

UFTABLE 2 

20 

INP7 

BEAMS2 

ENDREC 

DTI 

UFTABLE 3 

0 

INPT 

BEAMPH2 

ENDREC 

PARAM 

GENSAME 1 





ENDDATA 







The NASTRAN Data Deck for the Phase III analysis of substructure 1 is given as 
follows: 

ID PHASE THREE $ 

TIME 2 

APP DISP 

S0L 16,3 

READ CARDS FR0M 3 $ RESTART DICTIONARY FR0M UNIT 3 
CEND 

TITLE = PHASE THREE - SUBSTRUCTURE 1 - RIGID F0RMAT 16 

DISP * ALL 

ELF0RCE = ALL 

0L0AD * ALL 

SPCF0RCE = ALL 

BEGIN BULK 

PARAM US RTF I D2 BEAMPH2 

ENDDATA 379 
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The NASTRAN Data Deck for the Phase III analysis of substructure 2 is given 
below: 

ID PHASE THREE $ 

TIME 2 

APP DISP 

S0L 16,3 

READ CARDS FR0M 92 $ RESTART DICTI0NARY FR0M UNIT 92 
CEND 

TITLE = PHASE THREE - SUBSTRUCTURE 2 - RIGID F0RMAT 16 

DISP = ALL 

ELF0RCE = ALL 

0L0AD = ALL 

SPCF0RCE = ALL 

BEGIN BULK 

PARAM USRTPID2 BEAMPH2 
ENDDATA 


380 
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TABLE 2 


ASSUMPTIONS AND RESTRICTIONS 


Only one (1) level of substructures is allowed. 

The Number of substructures may not exceed twenty (20). 

Coordinate systems of points to be coupled are parallel. 
This is not verified by program. 

Degrees of freedom at two points to be coupled are the 
same. Exceptions can be handled via multipoint con- 
straints in Phase II. 

The sequence (internal) of points along the boundary 
between any two substructures is the same. 

All subcases must be defined in the Case Control Decks 
for all runs. 

Static loads applied geometrically must be defined in 
Phase I. Loads may be applied to the pseudostructure 
degrees of freedom in Phase II in the usual way. 

Output obtained in Phase II must be requested using 
pseudostructure degree of freedom identifiers. 

Only a single boundary condition is considered; 
geometrically specified boundary conditions must be 
defined in Phase I. 


3d3 























The pseudomodel map shown below w?> generated by module PVEC for the structure 
shown in figure 1. 


Internal 


Substructure Identification Number 


D0F 

2 

4 

6 

9 

3 



6013-3 

9001-3 

6 



6016-3 

9004-3 

9 



6019-3 

9007-3 

12 


4001-3 

6021-3 


15 


4002-3 

6022-3 


18 


4004-3 

6024-3 


21 


4005-3 

6025*3 


24 


4006-3 

6026-3 

9014-3 

27 


4007-3 

6027-3 


30 


4008-3 

6028-3 


33 


4009-3 

6029-3 

9017-3 

36 


4013-3 


9021-3 

39 


4016-3 


9024*3 

42 


4019-3 


9027-3 

45 

2002-3 

4022-3 



48 

2003-3 

4023-3 



51 

2004-3 

4024-3 



54 

2005-3 

4025-3 



57 

2006-3 

4026-3 



60 

2007-3 

4027-3 



63 

2008-3 

4028-3 



66 

2009-3 

4029-3 




Notes : 


1. For clarity, only the "3" degree of freedom is shown. 

2. Single-point constraints have been applied to point 1 In 
substructure 2 and point 3 In substructure 4. 


FIGURE 4. PSEUDOMODEL MAP 
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ID PHASE 0NE 
TIME 10 

CHKPNT YES, DISK 
APP DISP 

(1) S0L 16,1 $ BASIC STATIC SUBSTRUCTURE ANALYSIS 
CEND 

| Case Control Dsckj 
BEGIN BULK 

Jstructural Data for Substructui e J 

(2) PAUAM SUBID 10 

(3) PARAM USRTPID1 ABC 

ENDDATA 


Notes : 

1. Solution subset 1 is used for Phase I ru.-;. 

2. User-specified substructure identification number, 
j. User-specified User File identification code. 


FIGURE 5 


LEVEL 16.X PHASE I DATA DECK 


» 






ID PHASE TW0 
TIME 10 
APP DISP 

(1) S0L 16,2 $ BASIC STATIC SUBSTRUCTURE ANALYSIS 

CEND 

| Case Control Deckj 
BEGIN BULK 

(2) joTI definition of User File Dataj 

(3a) PARAM GENSAME -1 

(4) PARAM PRT0PT 1 

(3b) jcoupling Data (can be optional )j 

ENDDATA 


! 

I 

i 

j 

Notes : j 

t 

1. Solution subset 2 is used for Phase II runs. 

2. User-specified data providing 

a. Number of substructures 

b. Identification numbers for both real and 

identical substructures ' ! 

c. User File Data Location Information and 

Identification Codes 

3a and b. Coupling Information 

(a) GENSAME=+1 means coupling data automatically 

generated 

GENSAME=-1 means coupling data supplied by user 
via SAME cards (fig. 10). 

(b) See figure 8. { 

\ 

4. Pseudostructure map print option. * 


FIGURE 6 

LEVEL 16.X PHASE II DATA DECK 
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I 


* 


:d phase three 

1 IME 10 

APP DISP 

0) S0L 16,3 $ BASIC STATIC SUBSTRUCTURE ANALYSIS 

(2) READCARDS FR0M 3 $ RESTART DICTIONARY FROM UNIT 3 
CEND 

| Case Control Deckj 
BEGIN BULK 

(3) PARAM USRTPID2 XYZ 

ENDDATA 


Notes : 

1. Solution subset 3 is used for Phase III runs. 

2. The Problem Tape Dictionary is recovered from Unit 3. 

3. User-specified User File Identification Code from 

Phase II. 


FIGURE 7 

LEVEL 16.X PHASE III DATA DECK 
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FIGURE 9. NHMTT.m/n SUBSTRUCTURE analysis 




Input Data Card SAME 


Joining Data 


Description : Defines grid or scalar points which are to be coupled in a 

substructure analysis. 


Format and Example: 


123 456789 10 



Field Contents 

S Substructure identification number (Integer > 0) 

G, G1 , G2 Grid or Scalar point identification number (Integer > 0; 
G1 < G2) 


Remarks : 

1. Up to four grid or scalar points (in four different substructures) 
may be coupled by a single card. As many continuation cards as 
required may be used. 

2. No degrees of freedom of coupled points may be members of che o-set. 

3. The substructure identification numbers should be written in 

ascending order. 

4. If two SAME cards are to be joined, the highest numbered sub- 
structure entry on the first one should be repeated on the second 
one. 

5. If the alternate form is used, all of the grid and scalar points G1 

thru G2 are assumed. Each G1 THlU G2 sequence must define the same 

number of points. 


FIGURE 10. SAME CARD DESCRIPTION 
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